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0 Peptidic human leukocyte elastase (HLE) inhibitors. 

0 The Invention provides a series of novel heterocyclic ketones of formula I (set out hereinafter) and 
pharmaceutlcally acceptable base-addition sails thereof, In which the values of R*. L A. X and Q have the 
meanings defined in the following specification, The compounds of formula i are inhibitors of human leukocytic 

3 elastase. The Invention also provides pharmaceutical compositions containing a compound of formula I, or a 
pharmaceulically acceptable base-addition salt thereof, and processes and intermediates for the msnufacture of 
V compounds of formula L 
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HETEROCYGLIC KETONES 



Backgroun(j and Summary of Iho Invontion 

ti Tho acUvily of proteolytic enzymee of iha elaatase type has been implicated In several pathological 
conditions, for example in arOvltls and in pulmonary emphycama. Pharmacological inhibition of an elastasQ 
enzyme would be eicpecied to prevent or ameliorate an associated pathological condition. Trtfluoromethyl 
kotona substituted peptide derivatives which are Inhib'tore of human leukocytic ©lastase are described In 
European Patent Application, PubllcaDon number 189305 A2. 

?o The present invention relates to certain heterocyclic ketones which are human leukocyte elastase 
(HLE) Inhibitors making them usalul whenever such inhibition is desired, such as for research tools in 
pharmacological, diegnostlc and relaiod studies and in the treatment of tissue degenerative diseases such 
as, for example, pulmonary emphysema in mammals. The Invention also includes intermediates useful in 
the synthesis of ihese heterocyclic ketones, processes tor preparing them, pharmaceutical compositions 

JS containing such heterocyclic ketones and methods for their use. 



Oescription of the invention 

20 

According to the Invention there are provided compounds of formula I 
(Formula set out on pages following Examplos) I 
wherein the group -Q-is selected from a group consisting of (I) ortho-phenytene, optionally bearing one or 
two fiubstitutenis indopendentty selected from a group consisting of halogeno. nitro. an amino group of 
2S formula -NR^R'', an acyiamino group of formula -NHCOR" hydroxy, an acyloi^ group of formula -OCOR" - 
(1-4C) alkojcy. (1-4Cyalkyl. Irifluoromethyl, carboxy, cyano. I(l-4C)alkoxy]carbonyl, an aminocarbonyl group 
of formula -CONR^'R*' (including formula 'CONR^a when R<*=R*»). sulfo^ sulfonamido of formula SOaNR'RJ 
and (l-3C)hydroxyalkyl; and 00 a cjs-vinylene group of formula -C(R=) « C(R'')-^hercin 

R* and R** are each Independently selected from a group consisting of hydrogen » nitro, an amino group 
30 of formula -NR^R*'. an acyloxy group of formula -OCOR", (t-4C)alkoxy, (l-eC)e!kyl. trifluoromeihyl. carboxy, 
cyano. ((l-4C)alkoxy]carbonyl, an aminocarbonyl group of formula -CONRpR*^ (including formula -CONR'^s 
when RP = R^), a hydroxymethyl group, end phenyl opltonally bearing one or two substituents chosen from a 
group consisting of halogeno. nitro. (1-4C)alko)cy,. ((-4Qalkyl and trifluoromethyl; 

R^. R", R', R*. R"*, RP and are each independently selected from a group consisting of hydrogen and 
35 (1-4C)a!kyl; 

R" is {i-4C)alkyl: 

X is selected from a group consisting of oxygen and sulfur; 

A is selected from a group consisting of -CO-, -NH.CO-and -O.CO-; 

L is selected from a group consisting of phenylene, (i-6C)aIkanedlyl. {2-6C)alkenediyl and phenylen9(1-. 
JO 3C)aikyl. optionally containing one double bond in the alkyi portion, with the conoition that a cartDon 
included in a double bond of an aikcnodlyt or included in an optional double bond of a phenylenealkyi 
group Is not directly bonded to an oxygen or nitrogen atom of group A; and 

R* is selected from a group consisting of acylsulfonamide of formula R^S(02),NH,C0-. acysulfonamkSe 
of formula RVCO-NKS(Oa)-, Sulfonylurea of formula R^.NKCO,NH,S(Ojh sulfonylurea of formula R^.S- 
45 (Ojj.NH.CO.NR^-, and trifluoromelhytsulfonamide of formula CFj.SlOjj.NH-wherein 

R^ is selected from a group consisting of (i-iOC)alkyl; trifluoromeihyl; (3-10C)cycloalkyl: (6 or 10C)ary1 
optionally substituted by 1 to 3 members of a group consisting of halogeno, nitro. amino, dimethylamifw, 
hydroxy, methyl, (rifluoromethyl carboxy, phenyl, and ((1^C)alkyIcartx3nyl]amino: and an aromatic 
heterocyclic group defined as herein below In which up to 3 carbons of the aronaatic system may bear a 
so subsliluent group independently selected from a grciup consisting of halogeno and trifluoromethyl; and 
R* Is hydrogen or molhyl: and 

the pharmaceutically acceptable base-addition salts thereof. 
In this specification, the following definitions are used, unless otherwise described: 
Halogeno is fluoro. chloro. bromo or iodo. 

Aromatic hoterocyciic group means a group of from 1 to 15 carbons and from 1 to 4 heteroatoms each 
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of which Is Indspendently selecied from a group conaialing of surfur, nitrccen and oxygen, and which ^orm J 
to 3 nv6-or siit-mdmbared fif>gs. at leasl one of which is aromatic. Moro porticularly. such an aromatic 
heterocyclic group is a monocyclic or fused bicyclic ring system of from i lo 10 carbon atoms and from i 
to 4 neteroatoms. 

5 Alkyl, alkaneclyl. alkenediyl. otc. denote both straight and branched groups. 

The radicals R*. L and Q may contain chirel centers. The present invention Includes compounds of 
formula I wherein chiral centers included In RM and Q are of the R and/or S configurations. TTie radical L 
may contain a double bond: the presont inventlcn Includes compounds of fonmula i wherein a double bond 
Included In L Is of the E and/or 2 configuration. 

10 The compounds of the invention of formula I can be viewed as tripeptidoyi heterocycles. In general, the 
preferreci compounds of the present invention are of the naturally occurring L-amino add configuration at 
the chiral centers identified by * in formula I. The methods of synthesis described belcw may provide a 
diastereomeric mixture as a result of the presence of products with both the R and the S configurations at 
the chiral center identified by ^ in formula I. While these diastereomers may be separated, it is not 
necessary to do so. The preferred compounds are those assigned the S configuration at the chiral center 
identified by ^. 

As will be appreciated by those akilted in the art, the activity of the individual isomers is not tho same, 
and It Is therefore preferred to utilize the more active isomer. The present invention includes both the 
diastereomeric mixture and the active S and R iscmors. 

20 A particular value for an optional substitueni on Q when 0 Is o-phenylene. or for an optional substituent 
on fl^ or R'' when R-* or fl^ Is phenyl, or for R", R^ R'. R'. fl*^. R^'r^ or R^ when the substituent or group is 
(i-4C)alkyl Is. for example, methyl, ethyl, propyl, isopropyl. 2-methylpropyl or t-butyl. A particular value for 
an optional substituent on Q when Q is o-phenytene, or for R* or R'*, or for an optional substituent on R^ or 
v^tien or R* is phenyl when the substituent or group Is (1-4C)aIkoxy Is, for example, methoxy, ethoxy, 
propoxy, isopropoxy, 2-me(hylpropoxy or l-butoxy. A particular valuo lor an optional substituent on Q when 
Q is o-phcnylcno or for R" or R** when the substituent or group is [(1-4C)alkoxyhcarbonyI is. for example, 
methoxy carbony I . ethoxycarbonyl, isopropoxycarbonyl or t-butyoxycarbonyl. A particular value for R" or R^ 
when it is (i-6C)alkyl is, for example, methyl, ethyl, propyl, Isopropyf. butyl, 2-methylpropyl. tbutyl. pentyl, 
3-ft>elhyl0utYl or hexyi. A particular value for an optronal substituent on 0 when Q is o-phenylene or for an 

X optional substituent on R' or R** when f^" or is phenyl when the substituent is halogeno is, for example, 
flucro, chloro or bromo. 

A particular value for a (1-3C)hydroxyalkyl substituent on Q when Q is o-phenylene is. for example, 
hydroxymethyi, 2-hydroxyethyl or l.l-dimsthylhydroxymethyl. 

A particular value of when R^ Is (i-iOC)alkyi Is, for example, methyl, ethyl, propyl, isopropyl. l-bu(yl 
jti or A-mefhylpentyi. A particular value of R^ when RS Is (3-nOC)cycloalkyl Is. for example, cydopropyt. 
cyclopemyl, cyclohexyl. norbomyl. or adamantyl. A particular value for R^ when R^ is (6 or IOC) aryi is. for 
example, phenyl or naphthyl; g pank:ular value for an opt/onal substituent on aryl when the substituent is 
halogeno is. for example, fluoro. chloro or bromo: and a particular value tor an optional substituent on aryl 
when the substituent is [(l-SQalkytearbonylJamino is, for example, formytamino. acetylamino, 2-methy!- 
propanoylamino or 2,2-dimelhyIpfOpanoylamino. A particular value for R^ when R- is an aromatic 
heterocyclic group is, for example: furyl, ihienyl, pyridyl or pyrimidinyl; and a particular value for an optional 
sub stituent when the substituent is halogsno is. for example, fluoro, chloro or bromo. 

A particular value fcr L when L is phenylene Is. for example, p-phenytene or m-phenylene. A particular 
value for L whon L is (1-6C)alkanediyl is. for example, methylene. €than-1.2-diyl. ethan-t,1-diyl, propan-T,3- 
45 diyl. propan-12-diyl. propan-2.2-diyl, butan-i,4-cly|. 2-methylpropan-2,3-dlyl, 2-methylpropan-1.2-diyl or 
pentan-i.5-diyl. A particular value for L whan L is (2-8C)alkenediyl is, for example. Gth6n-1,2-diyl. propen- 
1.2-dlyl, propen-1.3-dlyl. buten-l.4-diyl, bul-2-en-1.4-diyl. pentsn-I.S-diyl or 3.3-dimethylpropen-1,3-diyl. A 
particular value for L when L is phenv!ene(t-3C)elkyl is. for example, ^-phenylenemethyl, 2'(£-phenylene)- 
ethyl or 2-(£-phenyIene)-2-propy(; and when the phenylone(1-3C)3|kyl group contains an optional double 
BO bond, a particular value for L is, for example 2-{g-phenylene}-ethenyl. 

A more particular value for an optional substituent on Q when Q is o-phenylene is, for example, chloro. 
dimethylamino, acetylamino. hydroxy, ecetoxy, methoxy, methyl, trffluorom ethyl, car boxy, cyano. methox- 
ycarbonyl, ethoxycarbonyl, aminocarbonyl, methylamlnocarbonyl, dlmethylamlnocarbonyl, aminosulfonyl. 
dimethylaminofiulfonyl or hydroxymethyl. including hydroxy, methoxy. carboxy. mett^oxycarbonyl. aminocar- 
55 Ijonyl and hydroxymethyl, 

A more particular value for or R** is, for example, hydrogon. dimethylamino, acetoxy, methoxy, 
methyl, trifluoromethyl, cyano, methoxycarbonyl. aminocarbonyl, methylaminccarbonyl. dimethylaminocar- 
bonyl. hydroxymethyl, phenyl, chlorophenyl. melhoxyphenyl, or trlfluoromethylphenyl. Including hydrogen. 
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A more particular value for RVS(Oa).NH.C0-. R^S<0,).NH.CO.NR'., or CPobOsNH-. 
A more particular value for is. for example, methyl, ethyl, iaopropyt, cydopropyl. cyclopen^i. phenyl, 
chlorophenyl. bromophenyl, trifluoromethylphenyl. l-naphlhyl. 2-thienyl. 2-pyridyl, or chloropyridyl. mcludlng 
methyl. Isopropyl, phenyl and 4-chlorophenyI. 
6 A mere particular volu© for R^ is hydrogea 

A mere particular value for A is -CO-. ^ , ^ , iu^. n o n 

A more particular value tor L is. for example. Bn)henylerte. eihane-1.2-d.yl, ethen-l .2.dlvl, £- 
phenylencmethyl or 2-(p-ph8nytene)ethenyi. Including £-phenvlone. ^ ^ 

The particular values listed for radicals, substituenta and ranges arc for illustration only and do not 
10 exclude other defined values or orher values within defined ranges for the radicals and substituents. 

Within the scope of the Invention are subgroups, including those In which the heterocyclic nng system 

containing N, Q and X Is: . ^ /a i- 

(a) a benzoxazole wherein X is oxygen and Q is o-phenylane def.n^^d above under (.) in iho 

definition of Q: . . j n ur 

IS (b) an oxazole wherein X is oxygen and Q Is cls-vinylene as defined above under (ii) in the definition 

^ (c) a banzoihlazole wherein X Is sulfur and Q is o-phenylene as defined above under P) in the 

dellnlUon of Q; and ^ ^^.^ . 

(6) a thiazole wherein X U sulfur and Q is cis-vlnylene as defined abovo under (li) in the definition ol 

^ ^ A value ol X in formula I of partolar interest is oxygen. Values for flSLA-in formula I of particular 
imaresi include for R^: Ri.S(02).-NH,C0-and RVS(02).NH.C0.NR«-, especially R^.SIO^V-NH.CO-; for L:£- 
phenylene; and for A: -CO-. A value for R^ of particular interest is 4<hlorophenyl. 

Specilic compounds of formula I are described in the accompanying Examples. Compounds which are 

as preferred include: 

^j) (4-(4-ChIorophenyl)sulfonylaminocarbonyl]benzoyiI-L-valyl-N-(H5-hydroxybenzoxa£Oi-2-Yl)- 

carbonyl-2-rTWthylpropylH-prolinamido; 

(ii) (4-[(4-Chlorophenyl)suifonyl8minocarbonyl]benzoyl]-L-valyl-N-[S-<amlnocarbonynbenzoxazol-2-yl)- 

carbonyt-2-methylpropylhL-prolinamid0; and 
30 (111) (4-[(4-ChIorophenyl)sulfony!aminocarbonyl]benroyn-t-valyl-ra-[5-(hydroxymethynbenzoxazol-2-yl]- 

cafbonyl-2-methyIpropyl]-L-prolinamtde. 

The sails of the compounds of formula I include pharmacoutically acceptable base-addition salts such 

as those derived from alkaJi metal hydroxides such ss sodium hydroxide, alkali metal carbonatec and 

bicerbonates. alkaline earth hydroxides and organic amines. Such saJls may be prepared by dissolving the 
js heterocycHc ketone in a mixtur© of water and a wator-mlsclble organic solvent, adding an aqueous solution 

of the base and recovering the salt from the aqueous solub'on. 

The compounds of formula i may be rrxade by processes which incfude processes known In the 

chemical art for the production of stnjclurally analogous heterocyclic and pepUdlc compounds. Such 

processes for the manufacture of a compound of formula f as defined above are provided as further 
40 features of the inventkjn and are Illustrated by the following procedures in which the meanings of generic 

radicals are as defined above (and a radical of formula Q may include a protec'Jng group): 

(A) For a compound of formula I. oxidizing a con-esponding alcohol of formula III: 
(Fonmula set out on pages following Examples) Hi 

Methods which are useful include the use of oxaiylchloride. dtmelhyi sulfoxide, and a tertiary amine (ceo 
4S Mane, M. et al., J. Ora, Chem. . 49. 788-703 (i984)J: the use of acetic anhydride and dimethyl sulfoxide; the 
use of dimethyl sulfoxide, H3-dimethy lam inop ropy) )-3-ethyIcarbodii mid© hydrochloride and dichloroacetic 
acid in. tor example, toluene (see. e^ Example 19); the use of chromium trioxide pyrldlno complex in 
methylene chkyido: and the use of Oess-Martin perlodlnano (i,i.Mfiacetoxy-2,1-benzoxiodQl-3(3H)-onel 
(method of Dcss. D. B. et al, J. Org, Chem. . 48, 4155-56 (1983)). When Q has the value (i) ortho-phenylene 
and X is oxygen, generally a preferred oxkjant is Ooss-Martin periodinane; however, when Q bears an 
aminocarbonyl group, the use of chromium irioxid© pyridine complex or of dimethyl sulfoxide. i-(3- 
dimethylaminopropyl>-3-ethylcarbodllmtd0 hydrochloride and dichloroacetic acid is preferred. When an 
alcohol of formula III contains a basic nitrogen, it is generally preferable to use an alternative method or to 
protect the basic nitrogen before oxidation and deprotect it after oxidelion to provide the corresponding 
55 compound of formute I 

(B) For a compound of formula I wherein R* hac the value R^S(0;i).NH.CO-. reacting a con'oapond- 

ing compound of formula IV 

(Formula set out in pages following Examples) IV 



so 
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wherein is carboxy (which compound Is hereinafter referred to as "acio of lornriula IV) with a 
sulfonamide derivative of formula R^S02.NH2 In (ho presence of a dehydrating ageni or reacting a reactive 
dorivativo Of an acid or formula IV with a sulfonamide, or a salt thereof, of formula R^.SOr.NHj. Thus, for 
erample. a free acid of formula iV may be reacted with a suitable dehydrating agent, for example, with 
c dicyclohexylcarbodilmlde or i-(3-dlm0thylamlnopropyl)'3-ethylcarbodllmlde, or with a hydrochloride or 
hydrobromlde salt thereof, optionally together with an organic base, for example, 4-dlmeihylamlnopyrIdln6, 
and with a sulfonamide of formula R^.SOa.NHs In the presence of a suitablo solvoni or oiluont. for oyamplo. 
dichloromethane, at a temperature in the range of. for oKample, 0 to 50*C, but preferably at or near amtjient 
temperature. 

10 Alternatively, a reactive derivative of an acid of formula IV, lor example, an acic hallde (such as the add 
chloride), acid anhydride or a mixed acid anhydride (such as (hat formed from N,N<iiphenylcarfc)amic add 
or>d ihe acid of formula IV by reaction of Iho sodium salt of the lailor acid with N,N-diphenylcarbamoyl- 
pyridlnium chloride), may be reacted with an alkali metal salt (such as the lithium, sodium cr potassium 
salt) oi the appropriate sulfonamide of formula R^SOa.NHs, conveniently at or near ambient temperature 

r$ <ind in a suitable solvent or diluent, for example, leirahydrofuran, N,N-dimethylformamide or dich- 
lorometliane. 

(C) For a compound of formula I wherein has the value RVCO.NH.S(02)-, reacting a correapond- 
rng compound of formula IV in w^iich has th© value H2N.S(02Vwilh an acid of formula R'.COOH using a 
similar method to one of those described above in part (B). 

20 (D) Por a compound of fornnula I whoroin R* has the value R5.r^H.C0.NH.S(0a)-, reacting a 

corresponding compound of formula IV in which R^ has tho value HiN.S(02)-with an isocyanato of formula 
R^NCO, For example, an intermediate of formula IV in which R' is H^f^.SiOaiHTiay be treated with 
phenylisocyanate to provide a corresponding procuct of formula I in which R^ is phenyl. 

(E) For a compound of formula I wherein R* has the value R^.3(O2),NH.C0.NR'^-. reacting a 

i's corresponding compound of formula IV in which R' has the value HNR^-wrth a autfonylisocyanate of 
formula R^${02).NC0; or aliernailvoly, for a compound in which R^ has the value H, reacting a 
corresponding compound of formula IV In which R' has the value 'NCO with a sulfonamide of formula R^.S- 
(Oj).NHi. The reaction may be carried out for example, at room temperature in a suitable inert organic 
solvent such as tetrahydrofuran or dichloromethane. 

20 (F) For a compound of Formuia I wherein R* has the value CF2.S(0a).NH-. reacting a corresponding 

amine of formula IV in which R' has the value H2N-with trifluoromethanesulfonic anhydride, for example, at 
0* 'n an inert solvent such as dichloromethane. 

(G) For a compound of formula i wherein A ha« the value -C0% coupling an acid of formula R*-L- 
COOH (or a reactive derivative thereof) with an amino ketone of formula V: 

a? (Formula set out on pages following Examples) V 

For example, the coupling may be carried out using i-(3-dlmethy lam lnopropyl)-3-ethy tear bodllmlde hy- 
drochloride and 4-dimethylaminopyridin« or l-hydroxybenzotri32ole in an inert solvent such as 
tetrahydrofuran. Similarly, a compound of formula I wherein A has the value -NH.CO-or -O.CO-may be 
prepared from a corresponding amino ketone of formula V using a similar method to one described below 

40 for the preparation of a starling material alcohol of formuia Hi from an amino alcohol of formula XV. 

It may be desired to optionally use a protecting group during ail or portions of the above described 
processes; the protecting group then may be removed when the final compound or a required starting 
material is (o bd formed, for example, as described in Exampios 5 and 7. 

Whereafter, modifying a functional group of a compound of formula I by a conventional nriethod to 

dS afford a different compound of formula 1, such as. for oxample. convening an optional carboxy or 
alkoxycarbonyl substituent on Q to an aminoacyl substituent, may be carried out. 

Whereafter, tor any of the above procedures, when a pharmaceutlcally acceptable salt Is required, it 
may be obtained by reaction of the acidic form o1 a compound of formula 1 with a base comprised of a 
physiologically acceptable cation and a physiobgtcally accepisble anion and affording a physiologically 

60 acceptable cation or by any other conventional procedure. 

If not commorcially available, the nocossaiy starting materials for the above procedures may be made 
by procedures which are selected from standard techniques of heterocyclic chemistry and peptide 
chemistry, techniques which are analogous to the synthesis of known, structurally similar compounds, and 
techniques which are analogous to the above described procedures or the procedures described In the 

55 Examples. 

As will be clear to one skilled in the art, a variety of sequences is availeble for preparation of the 
starting materials. According to one of the available routes, a key Intermediate of formula XI may be 
prepared as shown in Scheme I (set out on pages following Examples) beginning with valinol (formula VII) 
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a,id utilizing the intermedlatas of formulae Vlll. IX and ^ as described irr Example l- Allemativaly val no 
(formula VII) may be coupled witti en acid of formula IX to affcrd an alcohol of formula XII: and an alcohol of 
formula XII may be oxidised to provide an aldehyde of formula XI as a key intermediate. 

A3 shown in Scheme II (sot out on pages following Examples) an intermediate aldehyde of formula XI 
s may be convened Into a starting material alcohol of formula III. a starting material ketone of formula IV or a 

starting material amino ketone of formula V. , , • ^ , ^x. 

An aldehyde of formula XI may be reacted with, for example, an alkala. metal cyanide, such a.6. for 
evamplG. sodium cyanide or poras^um cyanide, to form a cyanohydrin of formula XIII ^ 
More prpferably. en aldehyde of formula XI may be converted into a cyanohydin of formula XIII wherein w 

JO is CN by ireatmant with acetone cyanohydrin. for example as desalbed in Example 4a. In addition 
trimethylsilylcyanlde may be used for the transformation, the Uimethylsilyl group beinc, removed upon 
acidic workup. The hydroxy group of such a cyanohydrin may optionally bo protected by. for example, an 
acetyl group or a trimethylsilyl or l-butyldimethylsilyl group. 

A cyanohydrin of formula Xlll wherein W is CN may bo converted into a con-asponding heterocyclic 

75 alcohol of formula XIV, either directly or >^ an Isolated intermediate using a conventional method. For 
example, conversion of a compound of formula Xlll wherein W is CN Imo a corresponding compound of 
formula XIV wherein Q has Iho value o-phenyiene as defined above may be carried o^jt using a similar 
procedure to one described in Holljes. E. L and Wagner. E. C. J, Orfl. Cham. . (1944). 9, 3i. Conversion of 
a compound of formula Xlll wherein W is CN into a con'esponding compound of formula X|V wherein 0 has 

50 the valuo cis-vinylene as defined above may be carried out using a similar procedure to one described m 
Lcra-Tamato; fVt. et el. Chem. Ber. (1984). 97. 2230. 2234 or in Kliatanl. K. et al. Tel Lett.. (1974). iS3l. 

Alternatively, a cyanohydrin of formula Xlll wherein W is CN may be transformed Imo an Imldaie of 
formula Xlll where W is -C(NH)OR and R Is. for oxample. methyl or ethyl, preferably as its. for example, 
hydrochloride salt. An imldate of formula Xlll wherein W is -C(NH)OR may be transformed into a 

25 corresponclinn heterocyclic alcohol of formula X]V: tho Intermediate imidate may be optionally isolated. The 
chomislry of imidates has been reviewed in "The Chemistry of Amidlnes and Unldates." Saul Petai. Ed., 
John VViloy and Sons. N.Y., t975. p. 385 and in Roger. R. and Nielsen. D. G.. Chem. Rev.. (1961), 61, 1979. 
Conversion of an Imidate of formula XIII wherein W Is 'C(NH)OR into a corresponding compound of formula 
XIV wherein Q has the valuo o-phenylene as defined above under (i) In tho dofinition of Q may be carried 

ao out using a similar procedurelo one described In King. F. E and Acheson. R. M., J. Chenv S^. (1949). 
1396; or in RekJ. W. et al. LiebtQS Ann. Chem. . (1964). 676. 114. Conversion of a compound of formula Xlll 
wherein W is •C(CH)OR into a comesponding compound of formula XIV wherein Q has the value cis- 
vinylene as defined above under (ii) in (he definition of Q and X is oxygen may be carried out using a 
similar procedure to one described In Wiley, R.K. Chem. Rev. , (1945). 37, 401; or in Cornfonh, J. W.. and 

35 Comforth. R. H., J, Chem. Soc , (1 947). 96: (1 953). 93. 

As a further alDamative. an imidate of formula Xlll wherein W is -qNH)OR may be hydrolyied lo the 
corresponding ester of formula Xlll wherein W Is -COOR. By using an ester of formula Xlll wherein W is 
-COOR, a corresponding acid of formula Xlll wherein W is -COOH (available by hydrolysis of the ester In a 
conventional manner), or a different activated derivative of an acid of formula Xlll wherein W is COOH. and 

40 a conventional method, a corresponding compound of formula XIV may be prepared. For example, for a 
compound of formula XIV wherein 0 is o-phenylene as defined above under 0) in the definition of Q. a 
Similar method lo ono described in Lande?>berg. A.. Chem. Bar . (1876). 9. 1524: in GalaUs. L C, J. Amor. 
Chem. Soc. (1948). 70. 1967: in "Heieiocyclic Compounds*. Vol. 5. R. C. Eldartleld, Ed., J. Wiley & Sons, 
N.Y.. 1957. p. 421: in Lankezma, H. P. and Knauf. A. E.. J. Amer. Chem. Soc . (1931). 53. 309 and 2664: in 

45 Lankezma, H. P. and Voplcka E.. ibid., (1936). 58, 609; o7in "The Chemistry of Heterocyclic Compounds." 
P. N. Preston^ Ed., (1981). 40, 6-12 may be used. For example, for a compound of formula XIV wherein Q Is 
cis-vinylene as defined atsove under (li) In the definition o1 Q and X is oxygen, a similar method to one 
described in Wasserman. H. H. and Lu. T.-J..,Tet. Lett. (1882). 3831; in Davidson. 0. ec al. J. Org, Chem.. 
(1837), 2. 328; or in Woigand, £. E. and Ralhburn. D. W,. Synthesis. (1970) 648 and J, Chem. Eng: Data, 

«o (i973)i Ta. 237 may be used. For example, for a compound o1 formula XIV wherein Q is cis-^nylene as 
dsfined above under (ii) in the definition of Q and X is sulfur, a similar method lo one described In Gabriel. 
S., Chem. Bar. , (1910). 43, T34 and 1283: in Bachsiez. M.. ibid. (1947), 47. 3163; or in V/iley, R. H. et al. 
Org. Reactions , (1951), 6, 367 may bo usod. 

Another alternative For the preparaUon of certain compounds of fomnula XIV wherein X is sulfur Is the 

S5 use of a thioamido of formula XIII wherein W is -CSNHj. A Ihloamlde of formula Xlll wherein W is -CSNHa 
may be obtained, for example, from a corresponding nitrile in a conventional manner, such as, for example, 
treatment with hydrogen sulllde. optionally employing a basic catalyst, such as. for example, iriethyiamine. 
Thus, lor example, a ihloamlde of formula Xlll wherein W is -CSNH2 may be converted into a conesponding 
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compound of formula XIV wherein Q is da-vinylene as defined above under (ii) in the definition of Q and X 
is sulfur by using a similar method to one dcscriDed in Schmidt. V. et at. Syntt^esis . (1986). 992 or in Wtloy. 
R. H. ei aL Orfl. Reactions. (1957), 6, 367 and 37a 

A diffarent route from an aldeh'yde of formula XI to a heterocyclic alcohol of formula XIV involves the 

5 use of a prefonnod heiorocyclfc reagent. For example, an orQanolUhium lecgent of formula XVI wherein Y Is 
lithium may be reacted directly wUh an aldohydo of fonmula XI to provide a con'ospondlng alcohol of 
formula XIV. When X is oxygen, it may be preferred or necessary to use a different method. Reagents of 
formula XVI wherein Y is lithium may be prepared and used as described, for example, in Wessermsn, H. 
H. ©t ai. Tel. LatT. . (i981). 22, 1737; In Schroeder, R, et al. Ueblqs Ann. Chem. . (1975), 533; in Boraud, J. 

10 and Meuger. J.. Bull. Soc. Chem. France . (1962), 2072; In Shirlet, D. A. end Alley, P. W.. J. Amer. Chem. 
Soc . (1957). 79, 4922; in Ogura, H. and Takahashi. H.. X Qrp. Chem. , (1974). 39, i374; in Justin, P. and 
Hoffmann. H. J., Chem. Ber. . (1973). ^QQ. and in JustI, P. and Sakriss, W.. Ibid.. (i973). 106, 28iS. 

Alternatively, for example, a 2-trimethyls*lyl heterocyclic rcagont of formula XVI wherein Y Is trimethyl- 
silyl may be condensed with an aldehyde of formula XI to provide an intermediate o-trimethylsilyl derivative 

15 of a corresponding alcohol of formula XIV. The alcohol of formula XIV may then be obtained by removal of 
the trimerhyleilyl group using a corwentional procedure- Reagents of formula XVi v^herein Y is trimethyisilyi 
may be prepared and used in a manner simitar lo those described, for example, for 4-methyl-2- 
trimethyl3ilyloxa2ole. 2-lrtmethylsllylbenzothla20le and 2-trl methyls llylthiazols in A. Dor^onl, et af. Jet Lett., 
(1985), 26, 5477; in A. Dondcni et al, J. Chem. Soa, Chem. Commun. . (1984). 258; and in A. H/ledici et at. 

20 Tet Lett.. (1983). 24,2901. 

By using a procedure similar to one described in Levin. J. I. and Weinreb, S. M,. J. Org, Chem, , (1984). 
49. 4325. an oxazole of formula XIV wheroin X Is oxygen and Q is cls-vinyl©ne as defined above under (1!) 
In the definition of Q may be prepared from a corresponding oxaaoline (4.5-dihydrooxa20le), The oxazofine 
may be prepared, for example, in a conventional manner from a corresponding intermediate of formula Xtll 

^5 wherein W is CN. -C(NH)OR, -COOR, or -COOH, or by reaction of an appropriate organometallic reagent 
with a corresponding compound of formula XI. (Thiazolines may similariy be prepared and dehydrogenated 
to afford thiazoies of formula XIV wherein X Is sulfur and Q Is cis-vinylene as defined under (11) In the 
definition of Q.) 

An alcohol o1 formula XIV may be converted into a corresponding amino alcohol of formula XV by 

30 removal of the CB2-group using a conventional method, such as for example, hydrogenolysis over a 
oailadium on carbon catalyst at about 3 bars pressure and ambient temperature in an appropriate solvent 
Such as, for example, ethanot. 

An amino alcohol of formula XV may be converted into a starting material of formula ill by reacting the 
amino alcohol of formula XV with an appropriate acylating agent. For example^ when A is -CO-, appropriate 

38 acylating agents are activated derivatives of acids of formula R'.L.COOH. for example, activated derivatives 
thereof generated in situ when using conventional coupling reagents, such as. for example. l-(3- 
dimethylaminopropyl)-3-athyt<arbodllmide hydrochloride and l-hydroxybenzotrlazole or 4- 
dlmeihylamlnopyridine. as well as, for example, acid chlorides of formula RVLCOCI. When A is -NH.CO-. 
aooroprlate acylating agents include isocyanlas of formula R*.L.NCO. When A is -OC0-. appropriate 

40 acyiating agents include chloroformates of formula RVO.CO.CI. In general, the acylation Is performed in an 
Ine^'t diluent or solvent, such as dichtoromethane. tetrahydrofuran or dioxane. and at a temperature in the 
range of, for example, O'SO*. An organic or inorganic base such as Iriethylamine, 4-methyimorpholine, 4- 
dimethylaminopyridine. potassium carbonate or sodium hydroxide may also conveniently be used as an 
acid acceptor when appropriate. 

4C Starting materiel ketones of formula IV may also be obtained from an Intermadlaia alcohol of formula 
XV as shown in Scheme It. Thus, for example, for a starting material of formula IV wherein has a value 
of R^OaC-, HaN.SOzv or R^NH-and R' has a value defined below, an amino alcohol of formula XV may be 
converiad Into a corresponding alcohol of formula XVH by using a method analogous to one described 
above for preparation of a compound of formula ID and an analogous reagent, such as. for e>cample 

so R'.L.COOH. R^L.COCl. R'.L.NCO or R'.LO.COCI. Then, tiy using a similar oxidation process to ono 
described in process (A), an alcohol of formula XVII may be oxidized to provide a siartipg material ketone of 
formula IV. A starting matorial ketone of formula IV wherein R' has a value of -NCO may be prepared from 
a corresponding ketone of formula IV wherein R^ Is carboxy by use of a modified Curilus reaction using, for 
example, dlphenyiphosphorylazlde and trlethylamlne in benzene or toluene at 80* (See T. Shioiri, K. 

53 Ninomiya and S, Yamada. J. Amer. Chem . Soc.. (1972). 94, 6203). A starting material of formula IV wherein 
has the valui? carboxy may be prepared by decomposing a suitable, corresponding ostor of formula IV 
wherein R' has the value R^OjC-in which R-' Is a conveniently ren\oved acid protecting group, for example, 
phenyl, benzyl, or (1-6C)alkyt optionally bearing an acetoxy. (1-4C)alkoxy or (t-4C)alkytlhlo subslltuent. 
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A parlictJiar value for R* is, for exarnple, methyl, ethyl, propyl, t-butyl, acetoxymelhyl, meihoxynnethyl, 
2-methoxyethyl. methylthtom ethyl, phenyl, or benzyl. 

It will bo appreciated that the decomposition of an ester of formula IV wherein is R'OzC-can be 
performed using any one of a variety of procedures well known in the art of organic chemistry. Thus, It may 

5 be carried out, for oxample. by conventional hydrolysis under acid or base conditions, adjusted as 
necessary w minimize any hydrolytic ramovai of other functional groups In the molecule. Alternatively. In 
certain circumstances, for example, when R* is hbutyl. it may be preferred to carry out the decomposition 
using acid catalysis, for example, by treating an esler of formula IV wiih, for example, trifluoroacetlc acid at 
a temperaturo of. for example, 0-40 •C. in a suitable solvent or diluent such as dlchloromethane. In addition, 

10 when R' is t-butyl, the decomposition may bo performed, for example, by using trimethylstlyl iriflaie and 
then water. In a conventional manner. Sllll further, in certain circumstances, for example, when R' Is benzyl, 
it may be possible to carry out iho decomposition by reductive means, for example, by Ihe use of hydrogen 
at a pressure of about three bars in the presence of a suitable catalyst, such as palladium or platinum, 
convenienlly on charcoal as a support. 

fs Starting material amino ketones of formula V may be obtained from con^esponding alcohols of formula 
XIV via the corresponding ketones of formula Vl. Thus, by using an oxidation procedure similar to one 
described above in method (A), an alcohol of formula XIV may be oxidized to a corresponding ketone of 
formula VI. for oxampto, as described in Example 7d and Example §b. Removal of the N-protactIng group 
from a ketono of formula VI will then provide a corresponding starting material amino ketone of formula V. 

JO The protecting group conveniently may be removed usir^g, for example, trlfluoromethanesulfonic acid in 
dichloromethane at room temperature. It is convenient to isolate an amino ketone of formula V so prepared 
as its crude tfifiuoromeihanesulfonic acid salt and use it directly for the preparation of a corresponding 
product of formula I. for example. a« described in Example 7f. If an amino ketone of formula V is isolated in 
the form of its free base, for example as described In Example 8c, it is preferable to use the material at 

25 once because of the limited stability of the free base. 

Starling materiel ketones of formula IV may also be prepared from corresponding amino ketones of 
formula V using analogous methods fo those described above for the preparation of alcohols of formula XVII 
from corresponding alcohols of formula XV. 

An alternative, analogous approach to the starting materials of formulae 111. IV and V Is outlined in 

30 Scheme III (set out on pages following Examples). A protected valinal. for example CB2-vaHnal, may be 
converted into a corresponding protected heterocyclic alcohol of formula XiVa ty using a method anakjgous 
10 one described above for the converskwi of a protected aldehyde of formula XI Into a protected 
heterocyclic alcohol of formula XIV. The conversion may be carried out stepwise through analogous 
intermediates of formula Xilla or directly by u^ing a heterocyclic reagent of formula XVI. An alcohol of 

55 formula XlVa may be deprotected to provide an amino alcohol of formula XVs. By coupling with an acid of 
formula IX. an amino alcohol of formula XVe may be convened into an alcohol of fonmula XIV to be used as 
described in Scheme II. Alternatively, an amine of formula XVa may be coupled with an add of formula IXa 
(prepared by using standard maihods or methods anakjgous to those described above) to provide a starting 
material of formula III, for example, as described In Example \S. In addition, an amine of formula XVa may 

40 be coupled with an acid of formula IXb (prepared by using standard methods or methods eneiogous to 
those described above) to provide a compound of formula XVII. which may be converted Into a starting 
material of formula IV. 

A further approach to starting materials of formulae IV and V, as well as to compounds of formula I, also 
Involves the use of organorivotalllc reagents of formula XVI wherein Y is lithium, especially when X is sulfur. 

45 as illustrated in Scheme IV and Example i3 and Example U. Thus, for example, a suitably amino- 
proiocied. N.N-disuijsfHuted velinamlde, such as tienzyloxycarbonyl protected. N-methoxy-N-m ethyl- 
valinamide of formula XX, may be treated with a lIihlaiGd heterocyclo, such as 2-lithIothla2ole or 2- 
lithiobenzdhlaiole, to afford a corresponding ketone of formula XXi. Removal of the amino-protecfing group 
from a compound of formula XXI by a conventional method affords a coffosponding aminoketone of formula 

so XXIl. By coupling an acid of formula IX with an amine of formula XXII. a corresponding ketone of formula VI 
may be obtained. As described above, a ketone of formula VI may be converted Into a starting material of 
formula V. which starting material of formula V may be further converted into a starting material of formula 
IV. By coupling an add of formula IXa with en amino of lomiula XXIl, a corresponding product of formula I 
may be obtained. Similarly, by coupling an acid of formula IXb with an amine of formula XH a corresponding 

65 starring material of formula IV may bo obtained directly. Also, by use- of analogous methcdology lo that 
described for the conversion of an amide of formula XX into an amino ketone of formula XXIl. other 
intermediate compounds, such as those of formula XXllI, formula V and fonmula IV wherein R' is HNR**-. 
may be obtained. 
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AS wil: be clear to one SKillad in the art, the order of steps In the sequences leading to the starling 
materials and products of tho invontlon nrtay be altered if appropriate considerations relative to coupling 
methods, taccmizalion. dcorolection methods, etc. are followed. 

5 

inhibition MQasuremonrg; 

The potency of compounds of the inverrtion to act as elastase Inhibitors Is Initially determfned by the 

to ability of a compound of the invention to inhibit the action of human leukocylo elastaso (HLE) on a low 
molecular weight peptide substrate. The potency of an inhibitor is evaluated by obtainlnrj a kinetic 
determination of (he .dissociation constsnt K. of the complex formed from the Interaction of the inhibitor 
with HLE. The euDstrate used was the anilide methoxysuccinyl-alanyl-alanyl-prolyt-valine-p-nliroanillde as 
described by Nakajims; K. et al. in J. Biol. Chem. « 245. 4027-4032 (1979) and by Teshima. T. et al. in J. 

1^ Biol. Chem., 257, No. 9. 5086-5091 (1882). Th© HLE enzyme used in thefie studies may be obtained (rom 
eiaslin Products of St. Louis, Missouri or can be purified according to ViscareHo, B. R. et al. in Preparative 
eiochemistry . Vol. 13. pages 57-67, (1983) as also described in European Patent Applicatkjn, Publication 
number 189305 A2, From the thus purified HLE. a standard rate of production of p-nitroanlllne was 
measured ai 25 'C spec iro photometrically in ihe visible spactnjm at 410 nanometers with automatic data 

20 acquisition from a a Gary 210 spectrophotometer obtained from Varian Associates. Reactions were initiated 
by in/eclion of 10 microliters of the HLE solution irito a 3 milliliter cuvette containing 2.89 milliliters of buffer 
(10 milUmolar sodium phosphate. 500 mlljlmolar NaCI, pH 7.6). 50 microliters substrate solution In OMSO. 
and 50 microliters of OMSO. Initial, steady-state reaction velocities of p-nilroaniline production were 
calculated by a in of tho experimental data to a linear dependence on time by linear least squares. This 

2C velocity, cetermined with no inhibitor present, was used os a standard in the calculation of inhibitor K, 
values. 

in general, the heterocyclic ketones of the present invention are not ** slow-binding" inhibitors of HLE; 
however, if the heterocyclic ketones are found to be "slow-binding" inhltwtors of HLE. special methods of 
analysis to accurately determine K, values for their inhibition of HLE are carried out. (See Winiams. J. W. 
30 and Morrison. J. F.. Meth. Enz. 83. 437 (1979) for a description of those methods.) In a typical experiment. 
2.89 ml of buffer (1 0 millimolar sodium phosphate, 500 millimolar sodium chloride. pH 7.6). 50 microliters of 
inhibitor solution in DIVISO, and 50 microliters of substrate solution in OMSO are added to a 3 milliliter 
cuvelie. The cuvette is «loppered, inverted several tlme^ to mix Its contents and maintained at (25 'C) in the 
spectrophotometer. After a period of five minutes to allow the reaction solution to come to thermal 
equilibrium. 10 microliters of stock enzyme solution are added to the cuvette to initiate the roocilon. 
Duplicate or triplicate runs are done at zero Inhibitor concentration and at least three non-zero inhibitor 
concentrations. Kj values are calculated according to methods outlined in the above reference by Williams 
and Morrison. The K, values for selected compounds are loss than 10"'M. For eKampto, iho Ki value for the 
compound of Example i^ is 3.3 x 10'*°M. 

40 

Animal Models 

45 Animal modols of emphysema include intratracheal (i.t.) administration of an elastolytic protaase to 
cause 8 slowly progressive, destructive lesion of tho lung. These lesions are normally evaluated a few 
weeks to a few months after the initial Insult. However, these proteases also Induce a lesion that Is evident 
in th« first low hours. The eariy lesion Is first hemorrhagic, prograsses lo an inflammatory lesion by the and 
of the first 24 hours and resolves in the first week post ineuH. To take advantage o* this early leeion, the 

fio following model was used. 

Hamsters are first lightly anesthetized with Brevital. Phosphate buffered saline (PBS) pH 7.4. oithcr 
alone or containing 400 ug of human leukocyte elastase (HLE), is then administered directly into the 
trachoa. Twenty-four hours later the animals are klllod and tho lungs romovod and carefully trimmed of 
cxxraneous tissue. Following determination of wet lung weight, tho lungs are lavaged with PBS and total 

ij-s lavagable red and white cells recovered are determined. The values for wet lung weights, total lavagable red 
cells and total lavagable whiia cells are elevated in a dose-dependent manner toilowing administration of 
HLE. GDmpounds that are effective elastase inhibitors can prevent or diminish the severity of the enzyme- 
induced lesion resulting in lower wet lung weight and reduced values for total lavagable cells, both red and 
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whit©, fQiativa to administration of HLE alone. Compounds can be evaluated by administering them either 
with or at various times prior to administration of HLE to determine their utilily In prevdnting an HLE lesion. 
Compounds of this invention produced statislically significant reductions In wet lung weight and total 
lavagable cells relative to HLE alono. 

5 Compounds of the present invention which were tested exhibited activity In at (east one of the tests 
described above under Inhibition Measurement or Animal t^odei. H should be noted that there are not 
always a direct correlation between the activities of the compounds measured as K, values in tho Inhibition 
Measurement test and the reduced values for total lavagable cells and wet lung -/eights relative to the 
administration of HLE alone obtained in the Animal Modal test. In general, no overt signs ot acute toxicity 

10 woro noted for compounds of the present invention tested in the Animal Modal. 

The compounds of the present Invention may be administered to a warm-blooded animal in need 
thereof for treatment of a tissue degenerative disease, particularly a human, in particular for the treatment of 
emphysema. The preferred mode of administration may be via a powdored or liquid aerosol. In a powdered 
aerosol, compounds of the invention may be administered in the same manner as cromolyn sodium via a 

lis •Splnhaler' (a trademark) turbo-Inhaler de^/ice obtaired from Fisons Corp. of Bedford. Massachusets at a 
rate of about 0.1 to 50 mg per capsule, 1 to B capsules being administered daily for an average human. 
Each capsule to be usad in the turbo-inhaler contains the required amount of a compound of the invention 
with the remainder of the 20 mg capsule being a pharmacetjlically acceptable carrier such as lactose. In a 
liquid aerosol, the compounds of the invention are administered at the rate of about tOO to tOOO 

2C micrograms per "puff" or activated release of a standard volume of propellent. The liquid aerosol would be 
given at the rate of 1 to 8 puffs per day with variation In dosages due to the severity of the conditions being 
treated, the weight of the patient and the particular size distritjution of the aerosol since smaller particles will 
achieve greater lung penetration. Propellants, ag., a fluorinated hydrocarbon or Isobutane, containers, 
valves and actuators for liquid aerosols are described by U Lachman et al. in "The Theory and Practice of 

^5 Industrial Pharmacy." Lea and Febiger, Philadelphia (1976). 

Alternatively, the mode of administration may be oral or parenteral, including subcutaneous deposit by 
means of an osmotic pump. Tho compounds of the invemfon may be conventionally formulated In an oral or 
parenteral dosage form by compounding about 10 to 250 mg par unit of dosage with conventional vohicio, 
excipient binder, preservative, stabircsr, flavor or the like as called for by accepted pharmaceutical 

so practice, e.g. as described in U.S. Patem No. 3.755,340. For parenteral administration, a 1 to 10 ml 
intravenous, intremuccular or subcutaneous injection would be given containing about 0.02 mg to iO mg/Vg 
of body weight of a comoound of the invention 3 or 4 times daily. The injection would contain a compound 
of the Invention In an aqueous isotonic sterile solution or suspension optionally with a preservative such as 
phenol or a solubifizing agent such as cthylenediaminelelraaceilc acid (EDTA). 

35 The invention will now be Illustrated by the following non-limiting examples in which, unless stated 
otherwise: 

(i) temperatures are given in degrees Celsius (C); operations were earned out at room or ambient 
temperature, that is, at a tomperaturo in the range of iS-aS"; 

(ii) evaporation of solvent was carried out using a rotary evaporator under reduced pressure (600- 
40 4000 pascals; 4.5-30 mm Hg) with a bath temperature of up to 60*: 

(ili) flash chromatography was carried out on Merck Kieselgel (An 9385) [obtained from E. Merck, 
Dermstadt, W. Gormany]; if "acidic silica gel" is Indicated, material custom prepared fay J. T. Baker 
ChemkraJ Co.. PhllUpsbufg. NJ. USA. and having a pH of about 6 when slurried in water was used; thin layer 
chromatography (TLC) was can-led out on Analtech 0.25 mm silica gel GHl_F plates (Art 21421). obtainable 
45 from Analtech. Newark, DE. USA; 

(Iv) in general, the course of reactions was followed by TLC and reaction times are given for 
illustration only; 

(v) melting points aro uncorrected and (d) indicates decomposition; the melting points given are those 
obtained for the materials prepared as described; polynrorphism may result in isolation of materials with 

so different melting points in some preparations: 

(vi) all final products were essentially pure by TLC and had satisfactory nuclear magnetic resonance 
(NMR) spectra and microanalytical data; 

(vii) yields are given for Illustration only and are not necessarily those which nrwy be obtained by 
diligent process development: preparations were repealed If more material was required; 

ss 
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(viii) when given, NMR data is in the form of delta values for major diaQnoslic protons, given in parts 
per million (ppm) relative to tetramelhylsilane (TMS) as an internal standard, doternr>lned at 80 MHz or 250 
MHz using COCIa. OMSO-dg or COsOO solvent: conventional abbreviations for signal sitapa are used, for 
example: s, singlet: d. doublet; m, multfplet; br, broad; etc: in addition "Ar" signifies an aromatic group or 

5 .•nigral; 

{Ix) reduced pressures are given as absolute pressures In pascals (Pa): other pressures are given as 
gauge pressures in bars; 

(k) chemical symtxjis have their usual meanings: the tollowing abbreviations have also bean used: 
min (minules). hr (hours), v (volume), w (weight); mp (melting point), I [litor(s)l, ml (milliliters), g (gram(6)], 
to mg [milllgram(s)l; 

(yj) solvent ratios are given in volume: volume (v/v) teons; ratios ot solids are given in weightiwoight 
(w.-Afv) terms; 

(xtil mass spectra (MS) were run with an electron energy cf 70 electron volts in the chemical 
lonizaton mode using a direct exposure probe; when given, only peaks ten percent of the base peak and 

7S larger are reported; and 

(xiii) when high pressure liquid chromotography (HPLC) data is reported, (retention time) is given 
min, FR (flow rate) is given in ml/min. Col A is a 'Zorbax* (a trademark} OOS analytical column (4.6 mm x 
25 cm) and Coi 8 is a 'Pfienonnenex' (a trademark) *Zorbax* c-8 analytical column (4.6 mm x 35 cm). 
NOMENCLATURE: For uniformity and clarity, "amino acid sequence" type names are used whenever 

20 possible. In general, a stereochemical identification of a chiral center as (S) indicates that the product is 
estimated to contain at least 95% of the (S)-isomer at the center indicated: the absence of an identification 
of stereochemistry at a chiral center indicates a mixture of Isomers which is not necessarily 1;1 at the 
center indlcaiad. 

E.xampiR 2 

(S)-[4-[(4-Chiorophenyl)sulfbny[3minocarbonylItien2oyl]-L-valyl-N-(i-(2-ben20xa20lyl)carbonyl-2- 
on methylpropylK'prollnamlde (Formula 1, helerocycte comolning X, M arid Q = 2-ben2oxa20lyl, A = CO, L=g- 
phenylene, R' = R^S(03).NH.C0-. =4-aC(;H*). 



a. N-8en^yloxycarbonyI-L-valinot 

ail 

Benzyl chloroformate (91.0 g. 95% purliy) was added dropwise over a period of I hr to a pre-cooled 
(0^* solution of L-valinol (50,0 g) and triethylamine (60.0 g) in chloroform (1500 ml). The reaction mixture 
was stirred for 1 hr at 0' and then allowed to warm to room temperature over 2 hr. After the reaction 
40 mixture was cvaporaiod. olhyl acoiaie (1500 ml) was added to iho roslduo; and the organic soiutlon was 
washed with IN NaOH and brine, dried (MgSOO. ?ind evaporated. The resulting residue was purifed by 
flash chromatography, using a stepwise gradient of ether:hexane (i:S) followed by ether, to ] give the 
produa (91.4 0) as a white waxy solid: TLC. R(» 0,23, hexaneiether (50:50). 

b. N-Benzyloxyc^rbonyl-L-vallnal. 



A solution of dlmethylsulfoxide (107.2 g) In meihylene chloride (150 ml) was added dropwise over 0.5 hr 
30 to a precooled (-eo**). stirred solution of oxalyl chloride (87.1 g) in methylene chloride (800 ml) under a 
nitrogen atmosphere. The temperature of the mixture rose to -45'. The reaction mixture was then warmed 
to -30". A solution of the product of Example va (8i.5 g) in methylene chloride (300 ml) was added 
oropwlse ovor 45 min at -30'. Th« reaction mixture was stirred for 50 min at -25 cooled lo -40* and a 
solution of diisopropylethylamine (177.4 g) in methylene chloride (250 ml) was addod dropwise over 45 min 
55 at -40". The reaction mixture was stirred lor i hr as it warmed to roonn temperature. The reaction mixture 
was diluted with mothylcne chloride (I50O ml), and the organic phaso was washed with IN HCl and 
evaporated to give the product (98 g ) as a green oil which was used imnr\€diately without further 
purification: TLC. Rf =0.48. hexane:ether (50:50). 
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c. N-Benzyloxycafbonyt-L-valinal dtethylacetel. 

Trieihyl orthoformate (SOS g). absoluO cthanol (800 ml) and g-ioluenesuh'onic acid monohydrate (5.0 g) 
5 wero added to a portion of (he oroduct of Example lb (81 g). The mxiure was miffed for 10 min at room 
temperature and then evaporated. The raculting residue was dissolved in eiher. washed with saturated 
aqueous NaHCOj. dried (NaiSOO: and evaporated to give a crude product which was pun'ded by Hash 
chromatography using a stepwise gradient of hsxane through mijrtures of methylene chief Iderhexane to 
ethyl 2C6tate:mslhyleno chloride (30:70) to give the product (84.7%) as a pale yellow oil; TLC, R(-0.21, 
ro methylene chloride:p8troIeum ether (50:50). 



d. U-Vaiinal diethylacetal (Formula VIII). 

ts 

A miKiure of tho product prepared using ihe method ol Example 1c (U7.8 g) and 10% palladium on 
carbon (10 g) in ethyl acetate (1500 ml) was stirred under Hy (1 bar) until 2500 ml of H2 were consumed. 
Twice during this time the reaction was tnterf .^d and 10% palladium on carbon (10 g) was added. The 
cBaction mixture was then filtered through a pad of dlatomaceous earth. i0% Palladium on carbon (10 g) 
?o was added and the reacion mixture was again stined under Hj until 10.92 titers of H2 were consumed. The 
reactions mixture was filtered through dlatomaceous earth and the filtrate was concentrated under vacuum 
to give Ihe product (78.8 g) as a pate yellow oil: 0©^ = '♦"^-S. 

25 e. Senzy'oxycarbonyl-L-valyl-L-pfoline methyl ester. 



To a cooled (0-5") solution of N-benzyloxycarbonyl-L-vaBne (460.0 g) in dry N,N-dlmethylfomrwmide 
(3.0 liter) was added 1 -hydroxy be nzotrlazolo hydrato (483.3 g); and the reaction mixture was stirred for 20 

30 min. follcwed by the addition of a slurry of L-proline methyl ester hydrochtoride (296.4 g) and triethylamine 
(186,6 g) in N.N-dlnr\ethv!formamide (1.5 liter). After the rasulfing mixture was cooled lo 0*, l-(3- 
dlmethylamlnopropyl)-3-ethyl-carbodiimide hydrochloride (377.6 Q, 1.97 mo() In N.N-dimethylformamide 
<500 ml) was added. The roQCtfon mixture was stirred at 0-5' for 3 hr and then allowed to warm gradually to 
room temperature. Stin-ing was continued for 65 hr, end the mixture was filtered and evaporated. The 

35 residue wao partitioned between ether and iN HOI and the precipitate which formed was removed by 
filtration. Tho etheral layer was then separated: washed with water, saturated aqueous NaHCOa and brine; 
dried (MgSO*); and evaporated. The crude ester was purified by flash chromatography using a gradient 
elutton of methylene chloride, then mathanohmethylene chloride (1:88), (2.5:70.5), and, finally, (5:95). The 
impure material from the first column was rechromatographed using a gradient elution of methylene 

40 ch!oride:hexanes (i:3)» methylene chloride, and. finally, methanol: methyfeno chloride (2:98). The combined 
chromatographies afforded the ester (598.9 9, 92%) as a colorless oil; TLC. R, = 0.45-0.60. metha- 
nokmethylene chloride (5:95); MS. m/e = 383(M + 1. base). 31 9, 255. 130, 91. Analysis for CioH26N205.0.2S 
HzO: 

Calculated: 

45 C. 62.18: H, 7.28 N. 7.68 
Found: 

C. 62.19: H. 7.12: N, 7.51 



so f. Benzytoxycarbonyl-L-vaiyl-L-proline (Formula IX). 



To a solution of the product of Example le (595.0 g) in methanol (4.8 nter) was added IN NoOH (1.80 
liter), and the solution was stirred for 18 hr. The methanol was evaporated, and the aqueous layer wss 
55 acidified (pH 2) with IN HO and extracted with methylene chloride. The organic extracts wore washed with 
brine, dried (NajSOt) and evaporated lo afford the acid (520.2 g. 90%) as an analytically pure, white solid; 
MS, m./e-349(M+ 1. base), 305. 241, 206, 116. 91. Analysis for Ci6H2iNaOs.0.3 HzO: 
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Calculatdd: 

C, 61.11; H, 7.01 W, 7.^2 
Found: 

C. 61.12: H, 6,Q8:N. 7.68 

5 

9. (S)-Ben2vloxycarbotwl-L-vciIv['N'[1-{dteihoxynricthyf)-2-memyfpropyll-L-protinamide (Formula X). 



to Isobutyl chloroformate (57.8 g) was added in one portion to a solution of tho product oi EKample if • 
(1S4.3 g) and 4-methylmorpho(ine (42.8 g) in dry.tetrahydroruran(280 ml) at -20°. After stirring for 10 min, 
the mixture was cooled to -40 » and aminoaceta) prQpar&d as describftd in Eyampte 1_. parts a-d (74.2 g) in 
tetrahydrofuran (700 ml) was addfld. Tho mixture was allowed to wami to room lemperature and stir for IS 
hr before it was fillered and evaporated. Th© rosldue was dissolved in ethyl acetate; washed with 1 N HCI. 

15 saturated aqueous NaHCOa and brine: dried (Na^SOO; and evaporated. The crude prorjuct was purified by 
flash chromatography eluting wth a gradient of maihylene chlorida. then ethyl acctato: methylene chtorldo 
(4:96). (0:92), (25:75). (50:50), and. finally, ethyl acetate to afford 1S6 g of product. Tho Impuro fractions 
were rechromatogrBphed on a high pressure liquid chromatograph (Waters Prep 500 HPLC using 2 silica 
gel cartridges), eluting with ethyl acetatetmelhylone chloride, to afford an additional 22 g of product; TLC. 

20 R, = 0.47, ethyl acetate rmethylene chloride (25:75). 



h. (S)-8enzylOKycartMDnyl-L-vaiyl-N-{i-formyl-2-melhylpropyl)-L-prolinamide (Formula XI). 

25 

A solution of the product of Example \£ (16.97 g) in acetone (600 ml) was added to a solution of 
concentrated HCI (45 ml) in water (2.6 liter), and the solution was stirred at room temperature for 16 hr 
Ethyl acetate was added and the aqueous layer was extracted with ethyl acetate. The organic extracts were 
dried (MgSO*) and evaporated to afford 12.8 g of yellowish cii; TLC, fi, = 0.6i. ethyl acetate.hexanes (4:i): 
JO MS. m/e = 432(M + 1 . base), 1 99. 



h-l. A preferred method for conversion of the acetal product of Example l£ into the aldehyde product of 
Example lh Is as follows: 

JS 

To a stirred solution of the acetal product of Example i£ (18.80 g) in acetone (800 ml) under nitrogen 
was added p-loluenesulfonic acid (360 mg). The mixture was stirred 23 hr and the solvent evaporated. The 
residue was diluted with ethyl acetate and washed (saturated sodium bicarbonate, brine), dried (Na:SO<) 
40 and evaporated to afford 15.68 g (97%) ol the aldehyde product of Example ]tv. TLC, Fl, = 0.48, ac- 
etone:hexanes (45:55); MS. m/e =460(M + 29). 433 (M + 2). 432(m + 1). 331 199. 



i. Ben2yloxycart3onyt-L-valy1-N-[l-(cyenohydroxymethyl)*2-methylpropyi)-L-prolin3mlde (Formula XIH, 
J6 W = CN). 

Solril KCN (7.74 g. 119 mmol) was added lo a solution of the product of Example 1h. (12.8 g) in 
teirahydrofuran (150 mt) and water (128 ml). The rcsuKing mixture was stirred for 4,5 hr. and then 
50 partitioned between ethyl acetate and water. The aqueous layer was extracted with ethyl acetate; the 
combined organic layers were washed with saturated aqueous NaH(^s brine, dried (10% {w/vt) 
KjCOa/NaaSO*) and evaporated to afford 14,0 g of crude cyanohydrin; TLC, Rr=0.17, ecetone:hexar^s 
(13), 

H. An elternative. prefered procedure for preparation of the product of Exaniple N is described In Example 
4a. 
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j. Benzyloxycarbonyl-L-valy l-N-[1 -(2-benzox(i2oly!)-hydroxymethyl-2-fTrt6lhy IpropylJ-L-prolinamide (Fornnula 
XIV. neierocycte containing X, N and Q = 2-ben20xa2olyl). 

f A solullon of acetyl chloride (9.50 nrif) in other (IS ml) was addod to a solution of absolute eihanol (10.3 
ml) in ether (33 ml) at 0* over a period of 20 min. After stirring at 0» ror an additional iS min, th© product of 
Example li (uedd without further purification) (7.70 g) In chloroform (15 ml) was added, and the solution was 
stirred at 0' for 18 hr. The solvents were evaporated, the residue was dissolved in absolute ethanol (80 ml), 
and 2-aminophenol (1.83 g) was added. After heating at 60» for 3 hr, the mixture was dissolved In othyl 

fo acetate, washed with IN NaOH and brine, dried (i0% (w/w) K^COj/NajSOO. and evaporated. The crude 
product was flash chromatographed. eluting with acetonoihexanes (3:17). to alford 3 fractions of yellowish 
foam; fraction one. TLC. R( = 0.30. ac6tono:hoxane (3:17). MS, nVe=55l(M+ I), one isomer. 130 mg; 
fraction two. TLC, R(=0.25-O.l7. acetonethexane (3:17), all four Isomers. l.TT.g; fraction 3. TLC. R, = 0.17- 
0.08. acetone Jiexane (3:17). three Isomers. 2.46 g. 

rs 

k, L-Valyl-N-[l-(2-t)enzoxa20lyI)hydroxymGihyl-2-methylpropyU)-L-pfoNnamide (Formule XV. heiofocycle 
containing X. N and Q = 2-ben20xa20lyl|. 

?o 

A mixture of 10% palladium on carbon (300 mg. 50% water wet) and the product of Example li, fraction 
three (2.45 g) in etharrol (lOO ml) was hydrogenated in a shaker at 3.4 bar for 6 hr after wtilch time an 
additional an>ount of palladium on carbon (300 mg) was added and the mixture hydrogencted for an 
additional 3 hr. The mixture was filtered through tfiatomaceous earth and the solvent evaporated. Tfie 
25 residue was dissolved in eth/1 acetate, exiracted into iN HO and the aqueous acid layer was washed with 
ethyl ocetato, basified with IN NaOH and, extracted with ethyl acetate. Ttie organic solvent was evaporated 
to afford 1.40 g (76%) of solid. R# = 0.0-0.15. methanol:chloroform (1:19): MS m/e = 47l (M"»-1), 399. 

X I. [4-((4-Chlorophfinyl)sulfonylaminocarbonyl]-ben2oyl]-L-vatyl-N-t1-(2-ben20xazolyl)hydroxyme!hyt-2' 
meihylpropyll-L-prolinamide (ForTnula lit. heterocycle containing X, N and Q = 2-beA2oxa2o!yl. A = CO. L=g- 
phenyiene. R* = R5.S(0a),NH,-C0-, R' =4-CICcHi:). 



.Ts 1-(3-Dimethylaminopropyl)-3-ethylcarbodlImide (710 mg) was added to a solution of the product of 
Example ik (1.36g). l-hydroxybenzotriazote (983 mg) and 4-[(4-chlorophenyl)3ulfcnylanriinocarbonyl]ben2oic 
acid (see parts n and o below) (M2 g) in telrahydrofuran (18 ml); and the solution was stirred at room 
temperature for i6 hr. The mixture was partitioned between water and ethyl acetate: the organic phase was 
washed with 1N HCl and brine, dried (iSrtgSO*). end evaporated. The cnjde product was purified by flash 

o chromatography, eluting with ethyl acetate:ether:-acetlc add (60:402 drop/ml), to affoid 1.2 g of solid: TLC» 
R, = 0.42. mcthanol:chloroform:acetic acid (5:95:1 drop/ml); MS, m/e = 738{fW + 1), 421. 318. 
Analysis for CKH40C1N5O8.S.1.4 HjO: 
Calculated: 

C. 58.64; H. 5.65: N, 9.17 
^5 Found: 

C. 56.97: H. 5.39; N, 8.67 



m, (S)-[4-[(4-Chlorophenyl)sulfonylaminocarbonyl]-ben20yl]-L-valyf-N-[V(2-b€n20Ka2ofyl)car^ 
50 methyIpropyl]-L-prolInamide (Formula L heterocycle containing X, N and Q»2-ben20xa20lyl, A = CO, L=£- 
phenylGnc. R* = R5,S(0)2.NH.CO-, P» =4-ClC«Ht). 



Trifluoroacetic acid (0.712 ml) was added to a solution of the product of Example v. gart 1_ (1.15 g) and 
55 Dess-Martin periodinane (2.65 g) in methylene chloride (tS ml); and the solution was stirred at room 
temperature for 18 hr. The resulting suspension was partitioned between ethyl acetate and IN HCl The 
organic solution was washed with two portions of 1:1 (w/w) saturated aqueous NaiS^Oa: NaHCOa. saturated 
aqueous NaHCOs and brine; dried (MgSOt) and evaporated. The crude product was purified by flash 
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chromatography eluling with tetrahydrofuran:methylene chloride:acetic acid (2.5:975:1 drop/ml) to afford 
889 mg of solid. A second purification was performed using flash chromatography on acidic sihca gel. 
eluting with methanohchlofolorm (2.5:97.5), 10 afford ihe title compound (701 mgl as a solid; TUC. Rt = 0.47. 
ethyl acelatG;hCi(aiiGs:ac©tJc acid (65:35:1 drop'ml); HPLC. tR = 9.27 . Col. B, FR = 4, wa- 
t0r:acetonilriIe:tetrahydrofuran:trifluoroacetic acid (55:35; 15:0.1); MS. m/e = 73e(M + 1). 718. 421. 298. 
Analysis for C:€H:aCIN50a.S.1.25 H2O: 
Calculated: 

C. 56.12; H, 5.47; N. 9.09 
Found: 

10 C. 56.24; H. 5.07: N, 8.74 

The benzoic acid intcrmodialo us(2d for coupling in part 1, may be prepared as follows: 



n. 1 .1 -Dimethylethyl 4-((4-chlorophanyi)sulfonylafY\Inoc5rbonyl]b«nzoat©. 

A 5-liter 3-neck round bottom flask was equipped with a mechanical stirrer and nitrogen inlet Methylene 
chloride (2 liters) wes placed in the reaction flask and terephlhalic acid mono-t-butyl ester (127.5 g). 4- 
dimothylaminopyridine (70.06 g). and 4-ch(orobenzenesulfonamide (110.04 g) were added sequentially 

20 using methylene chloride (400 ml) to wash do^^n the solids. i-(3-Dlmethytaminopropyl>-3-eihylcarbodiimide 
hydrochloride was added in portions over 10 min using methylene chloride (100 ml) to wash down the solid. 
After the reaction mixture was stirred overnight at room temperature, it was evaporated to dryneas. The 
residue was partitioned between ethyl acetate arxl water. Tha organic solution was washed with 20% (w/v) 
aqueous citric add. saturated aqueouc HaHCOj and brine; dried (NajSO*); and ©vaporaied to a white solid. 

55 After drying in a vacuum oven at 50*. the ester (277g. 100%) was obtained in a suflicientty pure state to be 
used directly for (he next step; TLC. Ri=0.43, methanol:chlarofOfm (15:85). Further purification was possible 
by recrystalllzatlon from ©thanol^aier; mp above 300'), 

00 0. 4-((4-Chlorophenyl)sulfonylaminocari>onyi]benzoic acid. 



A 3- liter 3-neck round bottom flask was equipped with a mechanical stirrer and a CaCb drying tuba. 
Trifluoroacetic add (i300 g) was added and cooled to 0°, and the product of Example In (79^ g) was 

35 added. Initially, the solid dissolved, giving a clear solution. After 10-16 min. a heavy precipitato of product 
formed; and it was difficult to stir the reaction mixture. Vigorous stirring with the mechanical stirrer was 
essential to drive the reaction to completion. The reaction mixture was stirred at 0-5' for 1 hr before It was 
poured into 1500 ml of ice/water and stirred for 2 hr. ThG resulting solid was filtered and dried. The white 
solid (61.5 g, 91%) obtained was recrystallized from 1600 ml absolute elhanol/1600 ml water to yiekj the 

rfo benzoic acid (54 g, 80%) as white needles; mp 28e"288'; TLC Rt = 0.7, meihanol:chloroform:acetic add 
(10:90:1). 



Example 2 

(4-(Methybulfonyiaminocarbonyl)benzovl)benzoyl]-L-valyl-N-(l-(2-ben2oxa20lyl)carbonyl-2-m9t^ 
prolinamide (Formula 1. heterocycle containing X, N and Q = 2-ben2Qxa20lyt, A = 00, L = g-pheny lene. 
R* = R5.S(02).-NH.CO-, R5 =CH,). 

so 

a. (iS)-(4^1.i-Dlmethylethoxv)carbonyIbenzoylH-valyl-N-(H2-ben2oxazclynhydroxymethyl-2- 
methylpropyl]-L-prolinamide (Formula XVll. heterocycle containing X. N and Q«2-b6n20xa20lyl, R^.L.A = 4- 
[(CHajaCOCOICfiHiCO). 

i-(3-Oimethylaminopropyl)-3-ethyicart3odiimide hydrochloride (510 mg) was added to a solution of 
prccuct prepared by the method of Example ik (material prepared according to the method of Example Ij 
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and obtained in the (iSHorm was treaiod according to the pfocedure oi Exannple Ik add obtained m the 
(iSVform] (1,00 g). l-hydroxybonzotriazole (720 mg). and torepthaiic acid mono-!-bulyl ester (560 mg) m 
tetrahydfofUfan(5 ml) at 0': and the solution was allowed to wamn to roon\ temperature and stirred for 18 hr. 
The mixture vvas parritioned between water and ethyl acetate, the organic phase was washed with IN HCi 
(twico). saturated sodium bicarbonara (rwice) and brine, dried (MgSO*) and evaporated. The crude product 
was puriHed by flash chromatography, eluting with acGtona:hexane (4:8). to afford the product (1.08 g, 
73%) as a solid; TLC. R,-0.7. acetone;hexane (45:55): MS. m/e = e2i (M + 1). 649, 622. 565. 313, Analysis 
for C3*Hc4N4O7.0.4 H2O: 
Calculated: 

C. 85.03; H, 7,19; N, 8.92 
Found: 

C. 65.06; H, 7.05; N. 8.72 

15 b. (S)-{4-(l,vOimelhyielhoxylcarbonylben2oyl}-L-valyl-N-[1-(2^ben20xa2oly<}carbony(-2-mcthy 

linamlde (Formula IV, heterocycle containing X, N and 0 = ^-benxoxazolyl, fl^L.A = 4-[(CH3)3COCO^ 
C6KC0). 

t-Butyl alcohol (0.030 ml) was added to a solution of the product of Example 3a (200 mg) and Oess- 
Marten perlodlnane (410 mg) in methylene chloride (5 ml) and the sololion stirred at room tamperaiure lor 
16 hr . The resulting solution was partitioned between ethyl acetate and 1:1 eaturatad Na?S703:NaHC03. 
The organic phase was separated and washed with 1:1 saturated NaaSsOjiNaHCO^ (twice) and brine, dried 
(K3COa:Na2SOt (1:2. w:w)) and evaporated. The crude product was purified by Hash chromatography, 
eluting with acetDne:hexBne3 (1:3) to afford the product (161 rf\q. 80%) es a solid: TLC. ft, = 0.3S, 
acelone:hBxanes (1:3): HPLC. tR=7.86. Col A, FR^2. water:acetonitrile (40;60); MS, m/e-619 (M + 1). 563. 
316. 304. 204, 120. 115. 
Analysis for C34H*jN407.G.4 H3O: 
Calculated: 

C, 65.24: H. 6.89; N. 8,85 
Found; 

C. 65.28; H. 6.74; N, 8.64 



OS c, (4-CarboxybenzoyI)-L-vaIyl-N-[1-(2-bsn20xa20(yl)carbony|.2-methylpfOpyll-L-prollnamlde (Formula IV, 
heterocycle containing X, N and Q = 2-benzoxarolyl, R^LA=^4'(HOOC)C6H4CO). 



A solution of the product of Example 3b (770 mg) in trifluoroacetic add (5 ml) was si^rroi^ at room 
o temperature for 2 hr. The solvent was then evaporated. The residual oil was diluted with ether and the 
rosuiting solution was evaporated. This process was repeated 6 times. TI>e brown oil was then placed under 
high vacuum for 48 hr. Tho crude acid (now a foam) was purified by flash chromatography, eluiing with 
acetono:hexdne:acailc acid (40:60:1) to afford the product (680 mg. 96%) as a yellow solid; TLC. R, = 0.23. 
acctonc:hexanes:acettc acid (4:8:1 drop/ml): MS. m/e=563 (t^^ + i), 545. 316. 298. 248, 245. 220, 204, I4g, 
IS 148. 120, 

Analysis for CaaH34N*O7.0.2 NaOH.0,55 H^O 
Calculated: 

C. 82.07; H, 6.13; N, 9.65 
Found: 

50 C. 61.70; H. 5.95; N. 9.92 



d. [4-(Mothylsulfonvlaminocarbonyl)ben20yl]-L-velyl-N-[1-(2-b9n2oxa2Qlyl)carbonyl-2-methvlpropvl>^^ 
linamtdQ (Formula I. heterocycle containing X. N and Q=2-ben2oxazolyl, A=^CO, L = e;phenylene, 
66 = RS.S(02).NH.CO, = OH,). 



1-{3-Dimethylaminopropyi)-3-Glhylcafbodilmide hydrochloride (78 mg) was added to a solution of the 
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product of Eyamplo 3c (200 mg), 4-<Jlmethylamtnopyridino (58 mg), and mothanosulfonamid© (37 mg) in 
msihylene chloride (2 nnl). and rhe solution siured at room tennporaiufG for 16 hr. After ihe solvents were 
evaporated, the residue was part^oned between ethyl acetate and IN HCI. The organic layer was 
separated, washed with IN HCI. dried (MgSO*) and evaporated. The crude product was purified by flesh 
5 chromatography, eluting with othyl acatalerethsracetic add (20:80:11 lo afford the product (74.2 mg. 32%) 
as a solid: TLC. R, = 0.10, Gthcriacotic acid (100:1); HPLC, tR = e.03. Col B. FR = 2, wa- 
ter: a cetonitrile:tetrahydrofuran: trifluoroacetic acid (55:35:13:0.1) : MS. m/e = 640 (M+ 1). 622. 326. 325, 316. 
293, 247, 201. 

Ar^alysls for CiiH^NsOsS-O-S CH3CO2H: 
10 Calculated: 

C. 56.93; H. 5.89; N. 10.18 
Found: 

C, 57.22: H. 5.97: N. 9.79 
Example 3 

(S)-(4-<Phenylsulfonylaminocarbonvl)t>2n2oyll-L-vaIyNN'(l-(2-bon2oxa2olyI)c^rbonyl-2-mGthylpropyl]-L- 
prolinaniide (Formula l, heterocycle containing X, N and Q=»2-ben2oxazolyl, A = CO, L«£-phenylene. 
= R5,S(02).-NH.CO-. R=^ = C6H:). 



a/4-(PhenylsulfonylaminocarbonyI)ben2olc acid. 



Using similar procedures 10 those described in Eyannple 1^ parts n and 0. except using benzenesut- 
lonamide in place of 4-chloroben2enesuffonamide, the ben20ic acid was obtained as a solid; mp 259-261 

30 

b, {lS)-[4'(PhenylsulfonylamtnocarbonyI)ben2oyl]-L-valyl-N-{1-(2-ben20xa20lyl)hydfOxymethyl-2- 
methylpfopylJ-L-proiinamide (Formula III, heterocycle containing X, N and Q = 2-ben2oxa20lyl, A = CO. L=£- 
phenylene. R* = RVS(0«).NH.CO-. =C€H5). 

3S 

l-(3-Dimethylaminopropyl|-3-othylcarbodllmido hydrochloride (140 mg) was added 10 a solution of the 
product of Example }k (290 mg). 1-hydroxybcn2otria2Qle (200 mg). and 4-(phenylsultonylaminocarbonyl)- 
ben^oic acid (179 mg) in tetrahydroturen (4 ml); and the solution stirred at room temperature for 16 hr. The 
mixture was partitioned between wator and ethyl acetate. The organic phase was washed wi'th saturated 

•»o NeHCOo (3 times) and brine, dried (fy^gSO*) and evaporated. The aqueous layers were combined, acidified 
to pH 1 with concentrated HCI, and extracted with chloroform. The chloroform phase was driod 
[KsCGsiNaaSOi (1:2. w:w)] and ewaporatad. The crude product obtained from both the ethyi acetate and 
chloroform solutions was combined arvd purified by flash chromatography, eluting with ac- 
Glon6;hexanes:acetic acid (45:55:1), to afford the product (270 mg. 60%) as a solid; Rr = 0,lS, ac- 

4G etone:nexane:acetic acid (30:70:1 drop/ml): MS, m/e'704 (M + 1). 638. 387. 348, 318, 316. 300. 156. i20. 
Analysis for CjcHAiNsOaS.O.e CH3CO2H: 
Calculated: 

C. 56.79; H, 6.03: N, 9.07 
Found; 

so C, 59.11: H. 6.02; N. 6.68 



c, (S)-(4-(PhenylsuIfonyIaminocarbonyl)bfin2oyl]-L-valyl-N-(l-(243en2oxa20lyl)carbonyl-2-mothylpropyl]-L- 
proiinamido (Formula I, heterocycle containing X, N and Q = 2-bon2oxa2olyl, A^CO. L = e-phonyleno, 
'JO R* =R^S(02).NH.C0-, -C^H^). 



Trifluoroacetic acid (0.09 ml) was added to a solution of the product of Example 4b (270 mg) and Oess- 
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Marten periodinane (4G0 mg) in methyleno chloride (5 mi) anc3 tho solution stirred at roon^ temperaioro for 
16 nr. The resulting solution was diluted with ethyl aceiat© and washed (4 times with 4:1 brJne: saturated 
NasSjO): NajHCOi (1:1). onco with brine), dried (MgSO*) and evaporated. The crude product was puriiied 
by flash chromatography, eluting with ac9tonG:hsxanes:acetic acid (40:60:1). The solid obtained from this 
5 column was further purlfiod by flash chromatography on acidic silica gel ©luting with cWorofonm to afford 
tho title compound (1S2 mg. 57%) as a solid: TLC. R, = 0.23. acetonsihexaneaacetic add (40:60:1); HPLC. 
* tji = 10.09. Col B. FR=2. water: acetonilriloiteirahydrofuran.irifluofacstic acid (55:35:15:0.1): MS. m/e-702 
{M + 1), 326. 299. 298. 297. 201. 136. 
Analysis for CitH.nsNsCS.O.TS NaOH.0.25 HjO: 
TO Calculated: 

C. 5872: H, 5.5 V. N, 9..S1 
Found: 

C, 58.3B; H. 5.34; N, 9^8 
Example 4 

(S).[4-{(4-ChlQrophcnyl)su!fonylaminocarbonyl]ben2oyl]-L-valyl-N-(l-(5-m8thoxyben^o.^a20l-2-vl)carbo^ 
20 methylpropyll-L-prolinamide (Formula I, heierocycle containing K N and Q » 5-methoxyt)en20xa20l-2-yl. 
A- CO, L^B-Pl^^f^y'®*^®- R* =R--S(Oo.).NH.CO-. R5 =4-CICcH*). 

a. (iS)-Benzyloxycarbonyl-U-valyl-N-(1-(cyanohydroxymethyl)-2-methylpropyl[-L-prolinamide (Formula XIII, 
« W=CN). 

An alternative, prefered procedure for preparation of the product of Example ii is as follows: A 2B0 ml 
round bottom flask with stirrer was dried under vacuum and purged with nitrogen. The flask was charged 

30 with dichioromethano (120 ml) followed by the addition of aldehyde prepared as described In Example l^i - 
(I7.7g) and triethyt amine (3.4 ml). Acetone cyanohydrin (n.O ml) was added in ono portion. The reaction 
mixture was stirred for 21 hr. The crudo reaction mixture was diluted with dichloromethane. This solution 
was carefully washed (twice with saturated ammonium chloride, once with brine), dried (MgSO+y, and the 
solvent evaporated. The cmde product was dissolved In ethyl acetate, washed (once with saturated 

35 ammonium chloride, once wUh brine), dried (MgSO*). and ovaporacod. The resulting foam was heated to 
50* under vacuum for four days to afford 18.90 g (iOO%) of product TLC. Rf = 0.31. acsione:hexanes 
(40:60). 



40 b. (1 3)-Ben2yIoxycarbonyl-t-valyl-N-[3-ethoxy-2-tivdroxy-3-imino-H1 -methylolhyOpropyll-L-proiinamide hy- 
drochloride (Formula XIII, W=C(NH)OR, R = CjH5). 

To a stirred solution of ethanol (79.4 ml) in chloroform (80 ml) at 0* under nitrogen was added "dropwise 
-:5 acetyl chloride (87.7 ml) over the course of 25 min. The product o( Exan^pje 4a (18.61 g) in chloroform (80 
ml) was added and the reaction stired at 0* for 4 hr. The solvents were evaporated to afford th© product 
(20,89 g): TLC. after partitioning an aflquot between ethyl acetate and i N NaOH to form the free imino 
ether. Rt=0.45, methanol: chloroform (7.5:92.5). 

c. 2- Ami no-4-melhoxy phenol. 



A mixture of 10% (w/w) palladium on carbon (200 mg) and 4-mathoxy-2-nltrophonol (3.0 g) in ethanol 
5fi (100 ml) was hydrogonatcd in a shaker at 3.4 bar for 24 hr. The mixture was filtered through diatomeceous 
earth and evaporated to give the product (24 g); TLC, Rf»0.61, methanolichtorofomn (1:9); MS. m/e"i70- 
(M + 1). 164, I52(base). 124- 
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d. (iSVBenzyloxycerb<xiyl-L-vaJyl-N-(1-(hvdroxy)-(5-molhoxybeiuoxa2ol-a-yi)mcniy 
Hnamtde (ForrY^ula XIV. hetofocycl© containing X. N and Q ■ S-methoxybenzoxazol-a-yl). 



5 A stirred solution of Ih© Imidato of Example 4b (6.35 g) and 2-afnino-4-metho<yphonol {1 .525 g) in dry 
Qthanol (40 nnl) was heated for 8 hr at 60* under nitrogen. The mbrture was dissolved in ethyl acetate, 
washed (IN HCI. saturated sodium bicarbonaie. brine), dried (10% (w/w) KaCOi/NajSO.), and evaporated. 
The crude product was flash chromatographsd eluting with acetone: hexanec (30:70) to afford the product 
(983 rng). The mixed fractions were combined, evaporated and flash chromatographfjd eluting with 

10 8cetone:hexane9 (35:65) to afford additional product (588 mg): TLC. R. = 0.2a, acetone:hexanes (40:60); MS, 
m/e=5e2(M + 2). seT(M+1). 563, 473. 331. 261, 106. 107, 91. 79. 70. 



e. (lS)-L-ValyhN-[l-(hydroxy) (5-melhoxyb8n2oxazol-2-yl)methy!-2-methylpropyl]-L-prcrmamld9 (Formula 
»6 XV. heterocylo containing X. N and Q = 5-methoxybon20)cazol-2-yl). 



A mixture of lO% (w/w) palladium on carbon (300 mg) and »he product from Example 4d (1.54 g) in 
ethanol (100 ml) was hydrogenated in a shaker at 3.4 bar for 4 hr. after wnich time the mixture was filtered 
20 through diatomaceous earth and the solvent evaporated. The residue was redissolved in ethanol (lOO ml), 
10% palladium on cart>on (0.69 g) added and the mixture hydrogenated in a shaKer at 3.4 bar for 4 hr. The 
mixture was then filtered through diatomaceous earth and the solvent evaporated lo afford 990 mg (83%) of 
solid (R, = 0.0, msthanol:chloroform (1:19); MS m/e=475(M4 29). 447(M + i), 429. 343. 234. 233. 197. 180. 
179 178, 155, 150. 100.72, 70. 



t. 1 1 S)-[4-[(4-Ch!orophGnyl)sulfonylaminocarbony !]-bGn2oyl]-L-valy t-N-[1 -(hydroxy)(5-methoxyt>3n20xazol-2- 
yl)methyl-2-methylpropytl-L-prolinamide (Formula 111. heterocycle containing X, N and Q = 5- 
methoxybenroxa201-2-yl, A = CO. L=^ph6nylene. R* = R' .8(0)2 .NH.CO-. R^ =4-ClCfiKi). 



1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (470 mg) was added to a solution of the 
product of Example 4e (990 mg). l-hydroxybenzctrlazole (330 mg), and the product of Example I gart o • 
(830 mg) in tetrahydrofuran (7 ml); and the solution was stin-ed at room temperature for 16 hr. The reaction 

35 mixture was then stored at -78* for 39 hr. The reaction mixture wee diluted with ethyl acetate, washed 
(saturated sodium bicarbonate, IN HCI, brino), driod (NasSOa), and evaporated. The resulting solid was 
redissolved in ethyl acetate, washed (saturated sodium bicarbonate, IN HCI. brine), dried (Na2604), end 
evaporated. The crude product was purified by flash chromatography eluting with acetone:chIoroform:-acetic 
acid (20:80:1) to afford the product (978 mg) as a solid; TLC, R<«0.25, acstone:chloroform:ac€tic acid 

40 {35;65:l); MS, m/e = 768(M + 1 ). 752. 751 , 750. 423. 422. 421 . 402. 377, 348, 330, 
Analysis for CoyKjClNjO^S-I.e CHjCOiH: 
Calculated: 

C, S5.97; H. 5.63; N. 8.16 
Found: 

ts C. 56.14; H. 5.76: N. 7.95 



g. (S)-(4-[(4-ChlorophenynsuIfonylaminocarbonyl)-ben2oy]]-L-valyl'N[b(5-methoxybenzoxazol-2-yl)-cafbonyl- 
2-methytpropyll»L-prolinamide (Formula I. holerccycle containing X. N and Q = 5-methoxyben2oxa2ol-2-yl. 
M A = CO. L = £-phonylQne. R* = fl*,S(05).NH.'CO-, R^ =4*ClCsH4). 

t-Butenol (0.1 16 ml) was added to a solution of the product of Example 4f (947.6 mg) and Oess-fWartln 
periodinano (1.57 g) in dlchlorom ethane (6 ml), and the solution stirred at room temperature for 21 hr. The 
S5 rosuliing suspension was diluted with oihyl acoiato and washed (twice with 1:1 saturated Na^S^O}: 
saturated NaHCOj, onco with iN HCI, brino), dried (MgSO*) and evaporated. The crude product was 
purified by flash chromatography oluting wtth acetone:hojranc:acctic acid (50:50:1) to afford the product 
(703 mgl as a solid; TLC, Rr=0.47. ethyl acetate:hexane9:acetic acid <6S:35:1); MS, m/6 = 76e(M + 1), 750, 
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749, 748, 422. 421. 320, 328. 327. 326. 249. 231. 
Analysis for Cs/HaCINsO>S.l.1 HsO.i.i CHaCOaH: 
Calculated: 

C. S5.26; H, 5-51; N. a22 
5 Found: 

C. 55.16: H. 5.20: N. 8.08 



EyamplQ S 

JO 

(S).{4-[(4-ChlorophenyOsuifonylaminocarbonyllbGnzoylhL-valyl-M-[i-(5-hydroxyben2 
maihytpropylJ-L-prolinamide (Formula I. heterocycie containing X, N and Q = S-hydroxybenzoxazol-S-yl. 
A = CO. L=£-pheny(9nG, R*- > R^.S(a).NH.CO-, =4-CtCsH4). 

Boron tribromide (3.55 ml. i.QM In dichloromethane) was added to a solution of iho product of Example 
42 (680 mg) in dichloromethane (S ml) at 0' and allowed to warm to room lemperature. After 3 hours, the 
reaction mixture was partitioned between ethyl acetate and iN HCI. The ethyl acetate layer was washed 
20 (brine), dried (MgSO*), and evaporated. The aude product was purified by Hash chromatography aiming 
with methanol:chlofoform:acatic acid (1:98:1) to give the product (236 mg. 35%) as a yellow solid; TIC. 
R, = 0.28. methanoi:chloroform:acetic acid (5:34:1): HPLC. Tb = 67S. Col. A. FR=3, wa- 
ter :acetonitrile.ialrahydf of uran:trH(uoroacetic acid (55:35:15:0.1); MS, m/e = 752(M + 1 ), 734. 421, 377. 342. 
314(bas8). 

X Analysis for C36H3iCINsO}S.0.2 CHCIs.0.3 CHsCCOH.1.5 H2O: 
Calculated: 

C. 53.83; H. 5.20; N, 8.53 
Found: 

C, 63.66: K 4.96; N, 8.37 

30 

Example 6 

35 [4-{(4-Chlorophenyl)sulfonylaminocarbonyl]benzoyl>L-valyl-N-[1-[5-(amlnocarbonyl)benzoxa20l-2-yl)- 

carbonyl-2-methylpfopyl>L-proIlnamid9 (Formula (, heterocyde containing X» N and Q =5-(amlnocarbor^yl)- 
bon^oxa2ol-2-yl. A = CO, L=2-Ph8"yl8"»' R*»R^.S(02).NH.C0-, RS ^A-OWs). 



40 a. 3-Amino-4-hydroxybenzamlde. 



A solution of 3-amlno-4-hydroxyb9nzoic acid (7.73 g) In thionyl chtoride (96 ml) was stirred vigorously 
under nitrogen at 40* for one hour. The thionyl chloride was removed by distillation under reduced pressure 
^5 and the resulting solid was suspended in toluene (350 ml)- Anhydrous NHji was bubbled into the reaction 
mixture lor 46 minutes. The mixture was filtered through diatomaceous earth and the filter cake was washed 
copiously with acetone until fresh filtrate was clear. The acetone solution was evaporated, and the crude 
product was flash chromatographed eluiing with acetone:chlorororm (1:1) to afford the product (1.2 g) as a 
solid; TLC, R, =0.1 7 acetone :chloroform (60:40); MS m/e= 193(M-»-4I). l8l(Mi 29). 153(M41), 136, 110. 

60 

b. (1 SVBenzyloxycarbonyl-L-valyl-N-[1 -S-aminocarbonyt)ben2oxazol-2-yllhydroxym©thyl-2-methylpropyl]-K^ 
prollnamide (Formula XIV. heterocycie containing K N and Q = 5-(am(nccarbonyl)ben20xa20l-2-yl). 

55 

A stirred solution 0I the imidate of Example 4b (3.81 g) and 3-amlno-4-hydroxyben2Bmid6 (1 .00 g) in 
dry ethenol (28 ml) was heated for 2 hr at 60" under nllrogen. The mixture was dissolved In ethyl acetate, 
washed (twico with water, once with saturated sodium bicarbonate, brine), dried (MgSOO. a"d evaporated. 
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The crude product was flash chromalographed elullng with acetonexhlofoform (60:40) to afford the product 
(938 mg): TLC, n, = 0.42, totrahydrofuran:chloroform (75:25): MS, m/e= 822(M + 29). 59S(M + 2), S94(M*1). 
505. 478, 477. 

Analysis for Cji H3iNsO/,0.2 H;0* 
s Calculated: 

C. 59.13; H, 685: N, n.i2 
Found; 

C. 59.18: H. 6.35: K n.04 

r 

c. {iS]-L-Valyt-N-[1'l5Kaminocarbonvl)ben20xazol-2-yl]hydroxynnethyl-2-methylpropyi]-l-prollnamide 
(Formula XV. hetarocycle containing X, N and Q = 5-{aminocarbonyt)ben20xa20l-2-yt). 



Tft A mixture of 10% (w/w) palladium on csrbon (750 mg) and Ihe product from Example Bb (0.920 g) In 
ethanoi (150 ml) was hydrogenated in a shaker at 3.4 bar For 4 hr after which time tne miKture was filiejed 
though diatomaceous earth and the solvent evaporated. The residue was then redlssolved in melhanol and 
evaporated to afford the product {680 mg, 100%) as a solid: TLC 1^= 0 0, methanol :chlorotorm (5:95): MS. 
rTVe = 4e0(M + 1), 247. 225. 198. 197. 196. 154. 125. 91. 

ro 

d. (iS)-[4-((4-Ch!orophenyl)sulfonylaminocariDonyl]-benzoylhL-valyt-N-[145-(amlnocarbonyl)^ 
hydroxymethyl-S-methylpfopylhL-proIlnamirie (Fomiula Kl. heterocycle containing X. N and Q-5- 
(amfnocarbonyl)ben20xazol-2-yt, A = CO, L = g-phenylene, = R^S(Oa).NH,CO-, -4-CICgH4). 

25 

i'(3-Dimeihylaminopropyl)-3-ethylcarbcdiimide hydrochloride (292 mg) was added to e solution of the 
product of Example 6c (670 mg), 1 -hydroxy ben20tria2ole (206 mg), and the product of Example l-part o - 
(607 mg) in tetrahydrofuran (5 ml); and the solution stirred at room temperature for 16 hr. The roacilon 

00 mixture was diluted wKh Gihyl acetate and washed throe times with distilled water, once with I N HCI, once 
with saturated sodium bicarbonate* and once with brine. The bicarbonate wash was acidified to pH 1 end 
extracted three times with ethyl acetate. The combined organic phases wero washed with brine, dried 
(NajSOO, and evaporated. The CtuiiB product was flash chronruiographed eluting wlih 
iclrahvdrofuran:chlOfOform:accilc acid (70:30:1). Tlio resulting material was filtered through silica gel eluling 

3r. with tetrahydrofursnrchloroformiacetic add (30:700 to 30:70:1 to 100:0:1) to afford the product (350 mg) as 
a solid: TUC, R,^=0.$5. lelrahydrofuran:chforo<orm:acetlc acid (60:20:1); MS. m/e=»247. 197. 163. 



G. [4-[(4'Chlorophenyl)sulfonylaminocarboriyl[b8nzoyll-L*valyI-N-(i-(5-<amlnocarbonyl)bcn2oxa2^^ 
40 carbonyl-2-mcthyi propyl] -L*proIl nam Id e (Formula I. hctcrocyclG containing X. N and Q = 5-(aminocarbonyl)- 
ben20xa2Ct-2-yl, A = CO. L = £-phenyi6ne. R*- = R^S(02).NH.C0-. R' =4-ClG;H4). 



Pyridir^e (0.422 ml) was added to a suspension of chromium trioxide (26i mg) in dry dichlorometliane 
45 (27 ml), and the mixture stirred at room temperature 30 mln. Diatomaceous earth (0.5 g) was added to the 
mixture which was stirred 5 more min. The product from Example 6d (340 mg) in dry dimethylformamide 
(1 .5 ml) was added, and the mixture and was allowed to stir for 3.5 hr. The resulting suspension was filtered 
through diatomaceous oarth and evaporated. The residua was lixiviated with chloroform and fillerod through 
dialcmaceous earth. (The use of methanol tor lixiviation is prcfoned.) This process was repeated six times. 
50 The liltrsteg were combined and evaporated. The resulting solid was flash chromatogrephed eluting with 
teirahydrofuran:chloroform:acetlc add (55:45:1), The resulting solW was filtered through silica gel. eiuttng 
first with chloroform then with tetrahydrofur3n:ac8tic acid (99:1). The resulting solid was again flash 
chromatographad oluting with t6trahydrofuran:hQX3nes:acotic acid (60:40:1) to afford the product (37.S mg); 
TLC. Rr=0.50. methenol:chloroform:acetic acid (10:90:1); HPLC. Tr = 7.23. Col. A, FR = i. we- 
55 tcr:acctonitrilonctrahydrofuran:thnuoroacotic acid (55:35:15:0.1): MS. m/9 = 777(M+ I). 761. 421. 342. 341. 
340, 339. 192. 

Analysis for CvHagClNsOsS.O.OO HjO.l.O CHjCOjH: 
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Cajculated: 

C. S475; H, 5.28; N, 9.82 
Found: 

C, 55.07; H. 5.41: N. 9,57 



Example 7 

10 [4-((4-Chloropheny!)sulfony!amInocarbonyllben2oyl(-L-vaiyl-N<l-[5-(hydroxymethyl)b6nzoxa2ol^ 

C3rbonyl-2-mathylpi'opyl]-L-p;oIinamide (Formula I, hotcrocycle containing X, N and Q = 5-(hydroxymethyl)- 
bQn2oxa20l-2-yl. A = CO. L = ^-phenylene. R* -R^.S(Oa).-NaC0-. R« ^^-CICsH*). 



?5 a. 3*Annino-4-hvdroxybcn2yl alcohol. 



A mixtufo of 10% (w/w) palladium on carbon (5.25 g) and 4-hydroxy-3-nitro-ben2yI alcohol (25.0 g) in 
ethanol (i .3 liter) was hydrogcnated in a shaker at 3.4 bar from 23 hr, after which lime the mixture was 
so filtered through diatomaceoua earth and ovaporated. The residue was flash chromatographed, eluling with 
methanoiichloroform (0:iOO lo 10:90), to afford the product (11.92 jg. 60%) a3 a red solid; TLC. R|='0.I4. 
mathanol:chloroform (5:95); MS, m/e = 140(M + 1), 139. 138. 123. 122, 110. 



25 b. (iS>-e9n2yloxycart>onyl-L-v3lyl-N-[t4iydroxy)tS-(hydroxymelhyl)b*3n2oxa2ol-2-yl]methyl-2-methylpropy 
L-prollnamlde (Fo/mula XIV. heterocycle containing X, N. and Q = 5-(hydroxymethyl)benzoxa20i-2-yl). 



The product from Example 4b (3.0 g) and alcohols prepared according to Example 7a (0.771 g) in 
30 atjsoiule ethanol (20 ml) were heated at 85** for 20 hr the mbrture was dissolved in ethyl acetate, weahed 
(IN NaOH, bfine). dried {MgSOA)» and evaporated. The crude product was flash chromatcgraphed eluting 
with acetone:hexane€ (55:45) to give the product (858 mg) as a white solid: TLC, Ri = 0,28, aceione:hexanes 
(3:2); MS m/e»58l(M + 1), 563, 501, 473, 455. 
AnaJysis for CatH^oN^ 07.1-25 HgO: 
^5 Calculated: 

C. 61.73: H. 7.10; N. 9.29 
Found; 

C. 61.81;K 8.88: N. 9.09 

'to 

c. (1 S)-Ben2ylo.xycarbony)-t-vatyl-N-(i •[5-Cl-bulyldlmothyisilylO)<y)methyt]ben20xazol-2-ylhhydroxymethyl-2- 
methylpropylH-prolinamide (Formula )av. heterocycle containing X, N and Q = S-I(t-butyfdimothyleilyloxy)- 
methyl]ben20x3roi-2-yl). 

A solution of the product of Example 7b (736 mg). t-butyldimelhyisllyi chloride (380 mg), 4- 
dimethylaminopyridino (7.9 mg), and triethylamine (0.37 ml) in dichloromothane (10 ml) was stin-ed at room 
temperature for 18 hr. The solution was then discolvod In ethyl acetate, washed (1N HCI, saturated sodium 
bicarbonate, brine), dried (MgSOt). and evaporated. The crude product was purified by Hash chromatog- 
50 raphy. eluting with acetone:h6xanGs (1:3), to afford the product (715 mg, 82*/o) as a light yeilow solid; TLC. 
Ri=0.4e, acetone:hexanes (2:3); MS. m/e = 695(M + 1), 879, 587. 563. 455, 
Analysis for C37Hs4N*O7Sl0.25 H>.0: 
Calculated: 

C, 63S4: H, 7.85; N, 8.01 
£S Found: 

C, 63.44; H, 7.75; N. 7.54 
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d. (S)-Ben2yloxycarbonyl-L-valvl-N-[l-[5-rt-butyIdimethylsilyioxv)methyl]ben20xa20l-2-yl]carbony 
fnethylpropyiJ-L-prolinamide (Fornnula V/1. hetecocycle containing X, N and Q = 5-[(I"bu^vWtme^hy^slIy^o>y)- 
nnalhyl]ben20xa^ol•2•yl). 

3 

Tert-butyl alcohol (0.068 ml) was added to a solution of the product of Example 7c (500 nng) and Oess- 
Mariin periodinane (1.22 g) in dtchloromethane (5 ml) and the solution sllrred at room temperature for 18 hr. 
The resulting suspension was panitJoned between ethyl acetate and a \:\ solution ot saturated 
NaiSjOjisaturated NaHCOj; the layers ware separated; and the ethyl acetate layer washed (once with a 1:1 
10 solution of saturated Na^SjOg. saturated NaHCO^. twice with saluratoo NaHCOa, once with l>rrne), dried 
(MgSOd). and evaporated. Ths crude product was purified by flash chromatography eluting with ac- 
etone:hexanes (1:3) to afford the product (448 mg, 90%) as a whKe solid: TLC, Rr=0,54, acetone:hexanes 
(2:3); HPLC, Tr = 6.18, Col A, FR-2, water:acetonitrile (1:9); MS, m/e = 603(M + i, base), 677, 635. 585, 460. 
Analysis for C3THsaNAO7SJ.0.25 HjO: 
ifi Calculated: 

C, 63.72: H, 7.59: N, 8.03 
Found: 

C.63.84: H, 7.45: N. 7,70 

20 

e. 8en2y(oxycarbonyl-Lwalyl-N-(l-S-{hydro7(ymethyl)H:)enroxa20t-2-yllcarbonyI-2-meihylpropyl-L-proIlnamW 
(Formula VI. hetenocycle containing X. N and Q = 5-(hydroxymethyllb8n20xazol-2-yl). 

?5 Tetrabutylammonium fluoride (1.2 ml of 1M solution In tetrahydrofuran) was added to a solution of the 
product of Example 7d (418 mg) in tetrahydrofuran (5 ml). The resulting red solution was stirred at room 
temperature for ^0 min and stored at 5" for 16 hr. The red solution was partitioned betwean othyl acetate 
and 1N HCI, and the oUiyl acetai© layer was washed (saturated sodium bicarbonate, brlno), dried (MgSOi), 
anc evaporated. The crude product was purified by Hash chromatography eluiing with acetonethexanes 

50 (35.-65) followed by a second purification by flash chromatography eluting with methanol.-chloroform 
(2.S57.5) to afford the product 183 mg, 53%) as a white SO<id; TLC, Ft| = 0-52, acarone:heyanes (3:2): HPLC. 
lfl = 8.27. Co! A. FR = 1. water: ace tonltrilo (40:60); MS, m/e = 579(M + 561. 33l. 225. 197. 91(b3se). 
Analysis for Cji H3gN407.1 .0 HjO: 
Calculated: 

J5 C. 62.40: H. 6.76: N, 9.39 
Found; 

C. 62.23; H. 6.40; N. 9.14 



^ f. (4-[(4-Chlorophenyf)sulfonylaminocarbonyl]b€n20yll-L-vatyl-N-(l-[5-<hydroxymethy()benzoxazol-2-yl> 
carbonyl-2-methylpropylhL-prolinafnide (Formula I. heterocyd© containing X, N and Q = 5-(hydroxymethyl)- 
ben?OKazoI-2-yl. A = CO, F = e-phenylene. R* = RS.S(02).-MH.CO, R* =4-CfCcH4). . 



^ Trifluoromethanesullonic acid (O.UO ml) was added to a solution of material prepared according to the 
procedure of Example Te (182 mg) in dichloromethan© (8 ml), stirred for 15 min. and evaporated. The 
residue was dissolved in tetrahydrofuran (10 ml) and treated with 4-dimethylaminopyridine (2G3 mg), the 
product of Example 1^ gart o (113 mg), and 1-(3-dimethylaminopropylH3-elhyl carbodiimide hydrochloride 
(66.5 mg), and stirred at room temperature for 16 hr. The mixture was partitioned t>etween IN HCt and ethyl 

'JO acetace; the ethyl acetate phase was washed (IN HCl, brine), dried (MgSOi), and evaporated. The crude 
product was purified by flash chromatography eluting with methanol:chloroform:acetic add (1.5:97.5:1.0) to 
afford the product (77 mg. 32%) as a light yellow solid; TLC. R( = 0.26. nf>eihaiiol:chloroform:acetlc add 
(5.-04:1): MS m/e = 766(M+ 1), 758. 592. 562, 421, 348. 328. 

Analysis for C37H:chloroform:acetic acid (5:94:1); MS m/e = 76e(M f i ). 758. 592. 562. 421. 346. 328. 
55 /•«ai^O9.5.0.l H,O.I-0CH.-,COOH: 
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Calculated: 

C, 55.48; H. 5.49: N, 8.29 
Found: 

C, 55.42: H, 5,33; N, 977 



Example 8 

Tfl (S).[4-Ch!orophenyi)sulfonyl3minocarbonyl]ben20yl]-L-valyl-N-(V(5-(me^^^^ ^ 
carbonyl«2-meihylpropyl)-U-prolinanMde (Formula I. heterocyclo containing K '^j^ and Q»^- 
(freihoxycarbonyl>-beruoxa20l-2-yl, A-CO. L=£-ph3nylene. R* =R5.S(02).NH.-CO-, R5 = 4-CIC€Hi). 

,5 a (iS)-8en2yIoxycerbonyl-LwaIyl-N41-(hydfO)(y)-[5-(mothoyycarbonyl)ben20xezol-2-^ 

meihylpropylM-prolinamlde (Formula XIV. helerocyda containing X. N and Q = 5-(methoxycafbonyl)- 
ben20KiJ0l-2-yl). 

^ A slirred soluilon of the imidate of Example 4b (5.47 g) and 4-carbomothoxy-^aminophenyl (5.10 g) In 
dry Gthartol (50 ml) wa3 heated for 3 hr at 60* under nitrogen. The mixture *ras disaoh/ed in ethyl acetate, 
washed (IN HO, 1N NaOH three times, brine), dried (MgSO*). and evaporated. The crude product was 
flash chromatographed. eluting with acotonethexanes (30:70). to afford 2.210 g of the product: TLC, 
R, = 0.18. ac9tone:hexanes (35:65): MS, 649(M*4l), 637(M4.29). 61l(M + 3), 8iO(M + 2l. 809(M + i), 581. 

25 501. 

Analyslis for CajHaaN^Oa.O.SS CH^CosCaHs: 
CalcuUtdd: 

C. 62.73,- H. 6.74; N, 8.78 
Found: 

30 C. 62,71: H. 6.73; N. 8.87 

b. (S)-Benryloxycarbonyl-L-valyl-r4-(V5-(methoxycarbonyl)ben2oxa20l-2'yl[carbonyl-2-nr^9ihylpr 
linemide (Formula Vt. heterocycle containing X. N and Q = 5-(methoxycarhonyl)ben20x3ZOl-2-yI). 

t-Butanol (0.340 ml) was added to a solution of the product of Example 8a (2.70 g) and Dess-Martin 
perrodJnane (4.62 g | in dichloromethane (20 ml) and the solution stirred ai room temperature for 22 hf. The 
resulting suspension was diluted with ethyl acetate and was washed (three portions of i:i saturated 
40 Na:iSi;03:seturated NaHCOa. bring), dried (MgSO*). and evaporated. The crude product was purified by 
flash chromatography etuting with ecetono;hexane (25:75) to afford 2.20 g of solid: TLC. Rf = 0.2i. 
acetone:heyanes (30:70); MS. m/e = 63S(M +29), 608(M+2), 607(M + 1). 374. 33i, 91. 
Analysis for CarHaj N»0a.0.50 HjO: 
Calculated: 
45 C, 62.43; H. 6.38: N, 9.10 
Found: 

C. 62.43; H. 6,24; N. 8-91 

50 c, (S)-L-Valyl-N-[1-I5-(mothoxycarbonyllben20xa20l-2-yllcafbonyl-2-methylpn)pyl]-L-prolinamlde (Formula V. 
hetofocycle containing X, N and Q = 5-{nneihoxycarbonyl)ben2oxazol-2-yl>. 

To a stirrod solution of the product of Example 8b (500 mg) in dichloromethane (4 ml) under nitrogen 
65 was added trrtluoromelhanesuifonlc acid (0.385 ml) dropwiee. After 5 min the reaction mixture was poured 
into distilled water (100 ml) and was extracted three times wilh dichloromethane. The aqueous layer was 
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adjusted to pH 8 with NaHCO^ and washed three times with dichlorometfiane. The aqueous phase was 
treated with iN NaOH (50 ml) and washed onca more with dichloromethano. The organic waehee were 
comtuned, driod (Na:S04). and evaporated to afford iflS mg (48%) of a white foam; TIC, R, = 0.22, 
methanol:chlorotorm (5;95). 

5 

d. (S)-[4-((4-ChlorODhenyl)sulfonylaminocarboriylhbenzoyt]-L-vdyt-N-(1-(5-(m©thoxycartx)nyl)be^ 
yl]c3rbonyi-2-methvlpropyihL-proiinapiide (Formula I heterocycle containing X, N and Q = 5- 
(methO)cycarbonvi)benzoxazol-2-yl. A - CO. L « g-phenylene. fl* = R^SfOjj.NH.CO-. ■ A-ClCeHi). 

;o 

i.(3-OimQthyiamtnopropyi)-3-0tIiylcarbodiimide hydrochloride (160 mg) was added to a solution of the 
produa of Example Be (185 mg). i-hydroxybeazotriazole (110 mg), and the produci of Example 1 gaii o • 
(280 mg) in tetrahydrofuran (3 ml) and the solution stirred at room temperature for 16 hr. The reaction 

ifi mixture wa:s diluted with Hthyi acerate. wgghed (three times with IN HCI, brine), dried (MgS04). and 
yvaporaiea. The crude product was purified by flash chromatography eluting with ac- 
Qtone:dichloromethane:Bcetic acid (20:80:1 drop/ml) to afford 160 mg of solid; R,»0,36. metha- 
nol:chlOfOfofm:ac6tIc acid (5:95:1 drop/ml); HPLC tR = iS.84. Col A, wa- 
ier:aceioniirlle:teirahydrofuran;trt(luoroacetic acic (55.35:15:0.1), FR = 2; MS m/e = 6e4(fi/t + 29). 656(M + 1). 

20 375, 374. 358. 355. 33354. 352, 302, 263, 260, 259. i78, 168. 
Analysis for CajHioCINsOioS.I.O HitO.r.O CHjCO-.>H: 
Calculated: 

C, SS.O/; H, 5.31 ; N, 8.03 
Found: 

C. 55.05; H. 5.13; N. 3.06 



Example 9 

(S)-[4-[(4-Chlorophenyl)sutfonylamlnocarbonyl)ben2oylI-L-valy(-N-(6-(mothoxycarbonyl)ben2oxa20l-2-yi> 
carbonyl-2-methylpropylK'proIinamide (Formula I, heterocycle containing X. N and 0 = 6- 
(m©ihoxycafbonyl)-baniOxaiiOl-2-yl. A = CO. L = g-phenylene, R* =R*.S(02).NH.-C0-, R* =4 = CIC6H4). 

a. (lS)-Benzyloxycarbonyl-L-valy!-N-(l-(hydroxyK6-(nrkethoxycarbonyl)ben20xa20l-2-yQmethyl-2- 
merhylpropyll-L-prolinamide (Fonmula XIV, haterocyde containing X, N and Q = e-{methoxycarbonyi)- 
benzova2ot-2-yl]. 



A stirred solution of imidete prepared as described in Example 4b (1.00 g) and 5-carbomethoxy-2- 
omlnophonyl (930 mg) in dry othanol (9 ml) was heated for 4 hr at 60" under nitrogen. The mixture was 
dissolved in ethyl acetate, washed (twice with iN NaOH, brine), dried (MgSO*) and evaporated. The crude 
product was flash chromatographed, eluting with acetone:hexanes (36:65), to afford 300 mg of the product: 
^5 TLC. R, = 0.50. acetone:hexanes (45:55). MS, m/e = 6lO(M + 2). 609{M + 1). 



b- (S)-Benzyloxycarbcnyl-L-valyl-N-(1-[6-(methoxycafbonyl)ben2oxa2oi-2-yf)carbonyl-2-methylpropyIH-P»'^ 
linamidc (Fomnula VI. heterocycle containing X, N and Q = 6-(metboxycarbonyl)bon2oxa2ol-2-yl). 

50 

t-Butanol (0.050 ml) was added so a soluHon of the product of Example 9a, (300 mg) and Dess-Martin 
periodinane (630 mg) in dichtoromethane (3 ml) and the solution stirred at room temporalure for 17 hr. The 
resulting suspension was diluted with ethyl acetate and was washed (three portions of 1:1 saturated 
ss NazSzOa^NaHCOa. brine), dried (MgSOt) and evaporated. The crude product was purified by flash 
chromatography, eluting with acetone ;hexar>e (30:70), to afford a solid which was dissolved in acetonitrlle 
(30 ml) and treated with 300 mg of activated charcoal. The mixture was stirred for 1Q min, fittered and 
evaporated to afford 257 mg of the product: TLC, Rf =0,49, aceione:hexanes (40:60); MS, m/e -835- 
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(M + 29», 608(M + 2). fl07{M + 1 ). 
Analysis for CaaHjuN^Oa.O.S HjO: 
Calculated: 

C. 62.43; H. 6,38: N, 9.10 
5 Found: 

C. 62.62: H, 6-28; N, 8.94 

0. (S)<-Valyt-N-{V[e-<mothoxycarbonyl)ben2oxa2oI-2-yllcarbonyl-2-melhylpropylhLi3rd 
10 irifluoromethanesuHonic add sail (Formula V. tieterocycle containing X, N. and Q =8-(melhOJtyca^bonyl)- 
ben^oxa2ol-2-yl). 

To a stirred solution of the product of Example 9b, (2lO nag) In dlchloromelhanQ (1.5 ml) under nitrogen 
IS wes added irlfluoromethane sulfonic acid (0.15 ml) dropwise. After 40 min the reaction mixture was 
evaporated. The resulting solid was placed under vacuunn for an hour and used directly in Example 0d, 
below; TLC R,=0.00 acetone: hexanes (25:75): MS. m/e=244, 242. 235. 195, 189, 186. iSi, 176, 121. 105. 
93. 92.81, 79, 

d. (S)-[4.((4-Chlorophenyl)sulfonylannfnoc3rbonyl]-^5en20yl>LM/atyl-N-{l-[6-{ni8thoxycarbony 
ylIcarbonyl-2-methylpropyl>L-prollnamtds (Formula I, hetcrocycle containing . X, N and Q"B- 
(methoxycarbonyl)ben2oxazoi-2-yl, A = CO. L=£-phenylene. = R'.S(02).NH.CO-, =4'ClCcHi). 

35 

i-(3-Dimethylaminopropyl)-3-elhylcarbodiimide hydrochloride (75 mg) was added to a solution of the 
product of Example 9c. atxjve. 1 -hydroxy bencotrlazolo (50 mg) and 4-[(4-ch!oropnenyl)- 
suUonylamlnocarbonyl)ben2Cic acid (130 mg) In methylene chloride (2 mO and leirahydrofuran (2 ml) 
fotlowQd by the addition of 4-meihylmorphoUne (0.041 ml) and the solution stirred at room temperature for 

30- 16 hr. Additional 4.methylmorpholine (0.041 ml) was added to the reaction nrvxture and the reaction stirred 
an addillon 7 hr. The reaction mixture was diluted with ethyl acetate, washed (IN HCi (three times), brine), 
dried (MgSO*), and evaporated. The crudo product was purified by flash chromatography, eluting with 
acetone:meihylene ch[oride:acetic add (30:70:1), to afford of a solid (160 mg) which was further purified by 
flash chromatography, using a gradient elution of acetonermeihylene chloride:acstic acid (500 ml of 0:100:1: 

05 900 ml of 10:90:1; then 50:50:1). to afford the Utie compound (71.6 mg): TLC. R|=0.17, ac- 
etone:chloroform -.acetic acid (1 0:90:1): HPLC, fft = 15.84. Col A. FR = 2, wa- 
ter:acetonitr(le:tetfahydrofuran:trifluoroacetic add (55:35:15:0.1); M9. m/e=794(ivi -H), 778, 777. 776. 423. 
422, 421 . 38^. 374. 357, 356, 355. 354. 259. 
Analysis for CieH+oCINsOioS-l .0 HaO.1.5 CH5CO2H: 

40 Calculated: 

C. 54.57: H. 5.36: N. 778. 
Found: 

C, 5434; H, 5-19; 7.81. 
Example 10 

(S)-(4-((4-Chlorophenyf)sulfonylaminocarbonynben20yl-L-valyl-N-(1-(5<arboxybenzoxazol-2-yflcarbonyl-2- 
50 methylpropylJ-L-prolinamide (Formula I, heterocycle containing X N and Q = 5-C3rtx)xyb6n2oxE2ol-2-yl, 
A-CO. L=g-phenylene. R^ = R5.S(05).NH.CO-. RS =4-CIC«H4). 

a. (iS)-Benzyloxycarbonyl-L-valyl-N-[l-(5-carboxyben20xa20l-2-yl)hydroxymothyl-2-methylpropyll-L-pro- 
55 tinamide (Formula XIV. heterocycle containing X, N and 0 3 5-carboxyben20xa2ol-2-y1). 



A stirred solution of imidate prepared as in Example 4b (3.00 g) and S-amino-A-hydrtDxybenzolc add 
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{P.&5 g) in ciry eO\anol (25 ro\) was heated for ,1.5 hr at 60*' under nitrogen, a^ter wJiicM Mme an additional 
arr^ounl of irn'.date {2.00 g) and amino pherxoi (1.6S g) were added. The mixture was healed an addlUona) 
8.25 hr. The mixture was dissolved In ethyl aceiaia. washed (IN HCI (twice), brine), dried (MgSOi) and 
evaporated. The crude product was flash chronnatographed, etuting with acetone:hexanes:acet(C acid 
(50:50:1). to allorO ttie product (330 mg); TlC. R, = 0.19. acetone:acetic acid (50:50:1): MS, rtve = Sd5(M + 1). 
577. 

b. (1S>.L-V/alyl-^i-[^-(5-ca^*ooxyb6n^axazoi-2-yl>-hyd^oxyn^9thy(-^-fTlethoKyp^opyI)<•prol^namW (Formula 
10 XV, heiisrocycle containing X, N and Q = S-carboxybenzoxazol-a-yl). 

A mixture of 10% palladium on carbon (1.50 g) and the product of Example 10a (2.90 g) in ethanol (100 
ml) was nydrogenated in a shaker at 3.4 bar for 3 hr, after which time the mixture was filtered through 
' iij diaiomaceous earth and the solvent evaporated to afford product (1.95 g): TLC. a = 0.0. metha- 
nol:chloroform:acetic acid (5.-95:l); MS. m/e-461(M*l). 443. 331. 319. 290. 265. 245, 232, 225. 198. 197, 
196. 154. 



c. ( 1 S)-[4'((4-Chlorophenyl)3ulfonylaminocarbonyl]ben2oyl]-L-valy l-N-[ I -{5-carboxyben20xa20t-2-y )}- 

hydroxymethyl-2-methylpropylhL-pro!inamide (Formula III. hetsrocycle containing X. N and Q = 5- 
carboxyb8n20x32ot-2-yl, A = CO. L=£-phenylene, R* - BVS(02).NH.C0-. 3 



23 Isobutyl chioroformate (0.34 ml) was added dropwise over the course of three min to a stirred, -40* 
aolution of 4-[(4-chIorophenyl)sulfor>ylaminocarbonyl]ben20(C acid (850 mg) and 4^ethylmorphollne (0.58 
ml) in dry tetrahydrofuran (12 ml). Tho mixture was stirred for 30 min after which time the product from 
Example 10b (800 mg) in dlmethylformamide (9 ml) was added dropwise to the reaction mixture. The 
reaction was allowed to warm slowly to room temperature overnight. The resulting mixture was diluted with 

.10 ethyl acetate, washed (twice with IN HCI. once with brine), dried (MgSOi), and evaporated. The crude 
material was flash chromatographed. eiuting with acetone:methylone chloride:acetic acid (30:70:1), to afford 
the product (570 rng); TLC. Ri=0.2fl. acetonermethylsne chIoride;acelic acid (42:60:1): MS. m/e = 782- 
(M + 1), 764, 423. 421.377, 193, 1 91. 

d. (S)-[4H(4-Crlorophonyl)6ulfonyiaminocafbonyl]benzoyl-L-vfaiyl-N-(i-(5<arlx5xyben20xa2ol-2^ 
2-melhylpropylhL-prolinamidG (Fomnula I. hotorocycle containing -X, N and Q = 5-carboxybGnzoxa20l-2-yl. 
A = 00. L = i>-phenylene. = R^S{02l.NH.C0^ R^ =4-CICiH4). 



t-Butanoi (0.070 mi) was added to a soluaon of If^e product of Example 10c (660 mg) and Oess-IWartin 
periodinane (9i0 mg) in dry dichloromethane (3 ml) and the solution stirred at room temperature for 21 hr. 
The resulting suspension was diluted with ethyl acetate, washed (half saturated NapSsOa (three times)), 
dried ((^gSOt). and evaporated. The crude product was purified by flash chromatography, eiuting with 
^ acetone:dlchloromothane:acelic acid (30:70:1), to afford the title compound (100 mg); TLC. RT = 0.2a, 
methanol:chloroform:aceiic acid <S:96:1); MS. m/e = 781(M + 1), 764. 763. 762. 423. 421. 342. 341; HPLC. 
t;» = 10.43, Col A. FR = 2, water:sc8tDnitrile.tetrahydrofuran;trifluoroacetic acid (55:35:15:0,1). 
Analysis for CsTH^^eCIN^OsS.O.SO HjCLSO CHaCOsH: 
Calculated: 
so C. 54.64; H. 5.16; N, 7.96. 
Found: 

C. 54.64: H. 5.30: N. 7.73. 



55 Example 
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(Ml9opropyisulfonyUminocarbonyl)ben2oylJ-t-valyUNKl-{2-bcnzox320lyi)carbor,yU^^ 

prolinamirift (Formula I. heterocycio containing X. N and Q = 2-beiuoxa20lvl, A=CO. L=g-phonylonG. 

R*-R^^.S(Oa).NH.C0-, R* = CH(CH3)3). 

5 

a, l-Bulyl 4-(isopropylsu!fony(3minocarbonyt)ben2oate. 



1-(3"Olfn©thylaminopropyl)-3-ethylcart)OdIinnide hydrochloride (188 mg) was added to a stirred oilxture 
70 of 4-((-butoxycarbonyOben20ic acid (195 mg). 2-propane3ulfonamido (98 mg) and 4-dimelhylamlnopyridin3 
(126 mg) in dichloromQthanG (3,7 ml). The mixture was stirred overnight, diluted with elhy! acetate, washed 
(IN HCI, brlr\e). driod (MgSOt). ar>d evaporated. The crude product was purified by Hash chromatography, 
elullng with acetoneihexanea (75:25). lo afford the product (193 mg); TlC. RfO.S*. acetone:h9xanes 
(75:25); MS. m/e=3S6(M + 29). 330(M + 3). 329(M + 2), 328(M + 1). 272, 223, 222. 205. 204. l66. 

»s 

b. 4-(l30propyl3ulTanyIaminocarbonyl)ben2oic acid. 



30 Trifliioroacetlc acid (5 ml) was added to the product from Example ila (193 mg). The resulting solution 
was silrrod 6.5 hr. then evaporated. The crude material product was redlssolved in ether and evaporated 
(four times). The crude product was then added to a volume of hexanes and evaporated (twice) to affoid of 
the product (214 mg): TLC, R, = 0.29, acetone:hexanes:acetic acid (50:50:1); MS. m/G-272(M + 1). 166. 143. 
115. 109, 95. 

c. (4-(lsopropylsulfonylaminocarl>onyl)t>enzoy(hL-va(y!-N-[1-(2-ben20xa2olyl}hydroxymeihyl-2-mothylpr^^^^ 
L-proIlnamlde (Formula HI. heterocycle containing K N and 0 = 2-t)enzo;<azofyl. R' - R^S(02).NH.C0-. 
R5=CH(CH3)2). 

20 

l-(3-Dimethylaminopropyl)<i-ethylcafbodrimide hydrochlorida (idO mg) was added to a stirred solution 
of the product of Example Ik (362 mg), the product of Example lib (2t4 mg) and i-hydroxyb6n2otria2ole 
(117 mg) In dlchtoromethane (3 ml), end the mixture stinrcd overnight. The reaction mixture was diluted with 
,15 eihyl acetate, washed (IN HQ (three times)}, dried (MgSO*), and evaporated. The crude product was 
purified by flash chromatography, eluting wHh tetrahydrofuranihexanesracetic add (65:35:1) 10 aiford the 
product (215 mg); TLC, R( = 0.44, acetone: hexanestacetic add (75:25:1): MS. m/e = 671 (M 2). 670(M'*-1). 
053, 652, 353, 319, 3l8. 300, 249. 231. 204, 124. 120. 

d. [4-{lsopropyIsulfonylaminocarbonyl)ben2oyl]-L'Valyl-N-l-(2-benzoxa20lyOcafbonyl-2-methyipropyll-L-pro- 
llnamide (Formula I, heterocycle containing X. N and Q = 2-ben20x320lyl. L=£-phenylene, R* = R^.S(02)- 
,NH.CO-, R^ = CH(CH5)?. 

Dess-Martin periodlnane (408 mg) was added to a stirred solution of the product of Example 1lc (215 
mg) and i-butanol (0.09 ml) in dichloromethiane (3 ml). The resulting suspension was stirred overnight The 
reaction mixture was filtered end the solvent evaporated. The resulting oil was filtered through silica gel with 
acetQne:hexanes (CS.'SS) to afford 404 mg of the crude product This crude product was purified by flash 

50 chromatography eluting with tetrahydrofuran:haxanes:aceilc acid (55:45:1) and the resulting solid was 
dissolved in dichlorom ethane (5 ml) and treated with decolorizing carbon (15 mg). The suspension was 
filtered and the solvent evaporated to afford the product (130 mg); TLC. R, = 0.67. metha- 
nol :chloroform:acetic add (5:95:1); HPLC, tfl=»9.S0. Col B, FR>2. wa- 
ter:3celoniirile:t6trahydrofuran:trifluofoacaTlc add (55:35:15:0.1): l^S, m/e = 898(f»^ + 29). 669(M + 2), 668r 

5S (M + 1). 651. 650, 353, 3l7, 316, 309, 299, 298, 297,296, 201. 
Analysis for C^ jHaiNsO«S.0.8S HiO: 
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Calciiiatoil: 

C, 5a.02: H. 6,30: N, 10.25 
Found; 

C. 58.29; H. 6.17; N, 9,67 
Exsmpie 12 



iQ [4-[(4»Chlcropri9nyl)suitonylaminoc3rbonyl]bcn2ovlhL-valyl-N-(l-(2-axa20lyl)carbonyl-^^ 

prollnamide (Formula i, heterocycle containing X. N and Q » 2-oxa20lyl, A = CO, L=£-pheny(ene, R* = R^.S- 
(0:).NH.CO-. R= =4-ClC6H4). 



15 a. 2-Thmethylsiiyl oxazole. 



n-Butylliihium (28.5 ml of a 2.54 M solution in hexane) was added to a -78^ solution of oxazole (5,0 Q) 
in ether (150 mi). The resulting solution was stirred at -7B* for 30 min, followed by the addition of 
trimethylsilyl chloride (7.86 g), and the nnjxture allowed to warm to room lemporatur©. Tho reaction m\mr^ 
v/as distilled and the fraction with a boiling point of about 130" was collected to afford 2-tri methylsilyl 
OKazolo (5.12 9): MS. m/o = 142fM + 1). 91. 73. 



26 b. (iS)-een2ylo:<ycart5onyl-L-valyl*N-[i-(2-oxazolyl)hydroxymethyi-2-methylpi'opyi]L-prollnamide (Formula 
X)V. heierocycte containing X, N and Q=2-oxazolyl), 



A solution of the aldehyde (of formula XI) prepared In a similar manner to that described in Example Ih 
3Q (7.4 g) and the product of Example I2a (4.84 g) in toluene (10 ml) was heated at 80* for 24 hr and at 60* 
for an additional 14 hr. Tho solvents w«ra ovaporaiad, and the residue was dissolved in teirahydrofuran (50 
ml) and treated with IN HCI (5 ml) and slinred for 30 min. The mixture was dissolved in ethyl acetate, 
washed (IN HCI, saturated sodium bicarbonate, brine), dried (MgS04). and evaporated. The crude material 
was puHflod by flash chromatography, oluting with ocotone:hoxanes (30:70). to afford tho product (4.57 g): 
35 TLC Rf"0.31. methanol:chloroform (5:95): MS, m/e - 501 (M + 1 ). 483. 393. 
Analysis for CjtHuNOe; 
Calculated: 

C. 62.38: H. 7.25:N. 11.19 
Found: 

<iC C. 82^; H. 7.22: fM. 10.87 



C. (S)-Beni:yloxycarbonyl-L-vaIvl-N-[2-methYl-1 -[(2-oxa2olyl)cafbonyl]propyl]-L-pfOllnamide (Fomnula VI, 
heterocycle containing X. N and Q ■ 2-oya2olyO. 

t-Butanol (0.83 ml) was added to a solution of the product of Example 12b (4.4 g) and Oees-Martin 
periodinane (15 g) in dichloromethane (150 ml) and stirred for 16 hr. The reculting suspeneion was 
partitioned between saturated Na2S50:j:saturated NaHCOa (1:1) and ethyl acetate. The ethyl acetate 

50 solution was washed (saturated Na?Si!Os):saturated NaHCCs (l:l), saturated NaHCOa. brine), dried 
(MgSOO. and evaporated. The residue was purified by flash chromatography, eiutlng with acetone;hoxanes 
(35:95), to afford 4.8 Q solid. This solid was dissolved in ethyl acetate, washed (saturated Naj- 
ScOi:salurated NaHCOg (1:1), saturated NaHCOa. brine), dried (MgSOt), and evaporated to afford tho 
product as a white foam (3.74 g); TLC, Ri = 0.32. acetone:hexane3 (40:60); MS, m/e=499 (M-»- 1), 266. 

55 Analysis for CjcHj^NiOc: 



29 



To: Jennifer Oliver 



Froro: ReedFax Information Service(tm) 



7-26-2001 11:55am p. 31 



of 54 



0 291 234 



5 



40 



Calculated: 

C, 62.64; H. 6.87; N. 11.24 
Found: 

C, 62.30; H, 6.74: N. 11.01 . 



^. [4-(4-Chl<yopl\cnyI)sutfonyl3minocarbony!lben20y(-L-valyl-N-{!-(2-oxa20lyl)carb^ 

prollnamide (Formuta I. lielerocycla containing X. N and Q=2-oxa20iy(, L = £-phenylene, R* = R^,S(05).NH- 

C0-. RSa4.CIC;Hi>. 

Trilluoromethanesuiphonic acid (0.89 ml) was added to a soMkan of The product of Example 22c 0-0 g) 
in dichloromelliane (15 ml) and stirred for iO min. iho solvents evaporated and the roslduo placed under 
high vacuum for 20 min. The residue was dissolved In tetrahydroluran (40 ml) and troatad with ^-(^■ 

»s dimemylamlnopropyl)-3-ethy(carbodllmlde hydrochloride (429 mg), 4-I(4-chlorophenyl)- 
sulfonylaminocarbonytlbenzolc acid (800 mg) and 4-dimelhylaminopyrldIne (1.97 g). The mixture was siirred 
at room temperature for 16 hr. dissolved in ethyl acetate, washed (1N HCl» saturated NaHCOa. brine), dried 
(MgSO*). and evaporated. The crude material was purified by flash chromatography, elutlng with ac- 
eTon«:hGxanes:acetic acid (10:90:1 to 20:80:1). to afford the product {930 mg); TLC, R, = 0.40, metha- 

20 iv5t:chIoro1orm:3cettc acid (5:95:1); HPLC. t^=7;35, Col A. FR = 2. wa- 
ter;acetonnrile:tetrahydrofuran:irinuoroacotic acid (55:35:15:0.1): MS, m/e = e88{M -^-l), 608. 393. 377, 266. 
248. 

Analysis for CasKuCINsOsS.O^ H2O.1 .0 CH3COOH: 
Calculated: 
25 C. 54.07; H, 5.47: N, 9.27. 
Found: 

C. 53.78; H, 5.33; N. 9.25. 



30 example 13 

[4-[(4.Chlorophenvl)sultonyiaminocarbonyf]benzoyl<*va!y(-N-(l-(2-ben2omia20lyl)cart^^ 
L-proIinamide (Fomiuifi I, heterocycle containing X. N and Qi2-ben20th!a261yl. A = CO. L=£-phenylene, 
OS R* =RS.S(02).NH.CO. R^ =4-aC«;H*). 

a. Na-Benzyloxycarbcnyl-N-methoxy-N-methylvalinamide. 



66 



A solution of l-(3-dImethylaminoprQpyl)-3-ethylcarbodiimide hydrochloride (19.07 g) In dichloromethane 
(500 ml) was coolod to -lOV To Ihia solution were added i-hydroxybonzoirta2ole (13.44 g) and 4- 
melhylmorphollne (11.5 ml). A solution of N-(benzyIo<ycarbonyl)-L-valine (25.0 g) in cftchloromelhano (200 
ml) was added dropwisa to the reaction mixture. After addition was complete, the mixture was warmed 00 
ambient temperature and stirred for 0.5 hr before being cooled 10 10*. A mixture of N-methyl-O 
mothylhydroxylamine hydrochloride (9.7 g) and 4-mothylmorpholine (11.5 ml) in dichloromethane (ISO ml) 
was added dropwise to the stirred reaclion mixture. The reaction was warmed to ambient temperature with 
overnight stirring. The mixture was evaporated and the residue was pardtloned between water and ethyl 
acetate. The organic layer was washed (10% HQ, saturated NaHCOi. brine), dried (MgSO*). evaporated 
and dried overnight under high vacuum to give the product as a gum (28,25 g) which solidified in the 
freezer; TLC: R,=0-S7, chloroform:methanol (40:1); MS, m/0 = 295(M *1), 234. 167, 162, 152, 119. 



b. (S)-1-(2-Ber,zothi8zolyll-2-(ben2yloxyC6rhionyl)amino-3-methyl-1-butanone. 

Dry ether (5 ml) was cooled to *78' and n-butylllthlum (6.0 ml of 2.54 M solution in hexanes) was 
added. A dry ether (15 ml) solution of benzothia^ole (1.83 g) was added rapidly drcpwise. Stirring at -78" 
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wa:5 continued for 10 min. An ether (10 ml} solution of amide prepared according to the proceduro of 
Example 1 3a and used without further purification (2.00 g) was added via cannula, and the reaction mixture 
was allowed to warm to 30^ with stirring for i hr. Tho roactlon mixture was quenched by pouring into 
saturation NKCI and ©xiracted with ethyl acetate. Ttie extracts were dried (NazSOi) and evaporated to give 
5 a yellow oil. Purification by fiaah chromatography, eluting with hexana:ethyl acetate (10;1), gave the product 
23 a yellow glass (0.98 g): TLC, R, = 0.67. hexane:ethyl acetete (2:1): MS. m/e^aeSd^i-l). 206, l9i. 162, 
135.91 (base). 

ro c. 2-Amino-l-(2-bonzothia2olyl)-3-methyl-l-butanone. 

Material prepared according to the procedure of Example l3b (0.94 g) was dissolved In a mixture cf 
dichloromethane (20 ml) and anisole (1 ml) under nitrogen. Trlfluoronvethane sulfonic acid (i ml) was added 
IS and the reaction was stirred for 10 min. The reaction wag diluted with dichloromethane and extracted with 
water. The aqueous extracts were washed with dichloromethane. brought to pH«8 with saturated NaHCOj 
and extracted with dichloromethane. The orgai^ic solution was dried (NaaSOi) and evaporated to give a 
yellow oil (0,50 g); TLC. Rf = 0.38. hexai>e:eihyl acetate (2:1). 

d. Ben7yioxycarbonyl-L-valyi-N-{i .(2-henzothia20lyl)carbonyl-2-methylpropyl]-L-prollnamlde (Formula VI. 
helerocyc e containing >C, N and Q = 2-ben^othiazolyl)- 



jfi A dichloromethane solution of material prepared according to the procedure of Example 13c and used 
without further purification (0.5 g), 1-hydroxyben20trla2olc (0.58 g) and product prepared according to the 
method of Example If (0.74 g) was treated with l-(3-dimethyiaminoprapyl)-3-ethylcarbodiimid9 hydnxhlo- 
rldo (0.47 g), and the reaction mixture was silrrod undor nitrogen for 15 hr. The reaction mixture was diluted 
with dichloromethane. washed (saturated NaHCO?, 10% HCI), dried (Na?SOO and evaporated to give a 

30 yellow oil (1 .48 g); TLC. Rr = 0,39, chtoroformjnethanol (S0:1 ); fV!S. m/e = 56S<M + 1 . base). 332, 331 . 

e, L-Valyl-N-{1-(2-ben2othifi2olyl)carbonyl-2-methyIpropyll-L-proiinamide (Formula V, heterocycte containing 
X. N and Q=2-benzothia20lyl]. 

Amide prepared according to the procedure of Example T3d and used without further purification (1.20 
g) was deprotected using a similar procedure to the procedure of Example 13c to give the product as an oil 
(0.34 g. 37%); TLC; Ri = 0.34, chloroform: methanol -(10:1). 

f. [4-[(4-Chlorciphsnyl)sulfonytaminoc3rbonyt]ben2oyl)-L-valyl-N-[1-(2-ben20thi820lyt)carlX)nyI-2-me^ 
propyl)-L-proIinQrnide (Formula I, holerocycio containing X, N and Q = 2-bon20thia20lyI, A = CO, L = £- 
phenylene. R* = R5.S(0?). NH.CO, R^ =4-ClGiH4). 

Amino prepared according to the procedure of Eyample 13e and used without further purification (0,34 
g). 1 -hydroxy benzotriazole (0.21 g) and 4-((4-chIorophenyl)suIfonylaminocerbonyl]benzoic acid (0.27 g) were 
combined in dichloromethane (12 ml) and the suspension was treated with V(3-dimethylanninopfopyI)<3- 

50 eihylcarbodiimide hydrochloride (0.17 g). Stirring was continued for 7.5 hr. The reaction was diluted with 
ethyl acetate and washed (saturated I^COa, 10% HQ), dried (NaiSOO and evaporated to give an oily 
foam, Purincation by flesh chromatcgraphy, eluting with hexane3:ethyi acetateracetic acid (50:50:1.5). gave 
the product as a white solid (0.32 g); TLC. Rr=0.29. hexaneS'.Gthyl aceiate:acetlc acid (50:50:1.5); HPLC. 
tp»26. Col A, FR»2. water.acetoniiril6:tetrahydrofuran:trifluoro acetic acid (55:35:15:0.1); MS. m/e -752- 

68 (M + 1). 423. 42% 393. 377, 342. 332. 3lS, 314 (base). SlS, 3l2, 136. 
Analysis for Ci«H,aClN5O7Sj.0.3 CHj COOH: 
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Calcui3CGd: 

C. 57.07: H, 5.13: N. 9.09 
Found: 

C. 57.32; H, 5.45; N, 8.76 

S 

Example ^^ 



10 (Sl-(H(^<^lo*'Ophenylisulfony(aminocarbonyl]bftn2oyl>L-\^yl-N-(2-nnGthy^1-^^^ 

prolinamide (Formula I. heterocycle containing X. N and Q = 2-lhiasolyl, A-CO. L=£-phenyl9n9. R* = RVS- 
(02).NH.C0-. a4-C!C6H*). 



ts a. {S)-2-{BerizvIoxycarbonyl)amino-3-melhyl-1-{2-thia2oiyl)-1-butanono. 



To a cooled (^35") solution of thiazole (1.23 ml) In dry letrahydrofuran (40 ml) was added n-butyllilhium 
(6.6 ml of a 2.18M solution in hexane) over S min. The dark brown reaction mixture was stirred in the 

2c temperature range -30* to -25' for 10 min. A solution o^ material prepared according to the procedure of 
Example 13a and usod without further purification (1.7 g) in dry tetrahydrofuran (15 ml) was added rapidly 
over 1 min. Stirring at ^30* was continued for 15 min. The mixture was quenched by pouring it into 
saturated NH4CI (100 ml), and ihe organics were extracted Into ethyl acetate. The extracts were v/aehed 
(saturated NaHCO^). dried (NajSOi) and evaporatad to give a brown oil. Purification by flash column 

?5 chromatography, oluling with hexane:ethyl acetate (2:1), gave the product as a yellow oil (1.31 g, 98%): 
TLC. Ri=0-45, hexare:ethyi acetate (2:1); MS. m/e = 3l9(M + 1, base). 275. 



b. (S)-2-Amlno-3-methyl-l-(2-thia20ivl)-1-butanone. 

so 

Ketono prepared according to the procedure of Example 14a (1.8 g) was dissolved in dichloromethane 
<30 ml) and treated wiih irifluoromethane sulfonic add (2.5 ml) In a single portion, and the reaction was 
stirred et ambient temperature for 5 min. The mixture was diluted with dichloromethane and extracted with 
js water. The aqueous phase was brought to basic pH with saturation NaHCOs and then was extracted with 
dichloromethane. Tho extracts were dried (NaaSO*) and evaporated to give the product as a dark yellow oil 
(0.78 g. 75%); TLC, Rf = 0.7, chloroform;methano( (10:1): MS. m/e = l85(M + 1. base), 187, 140. 

^ c. <S)-aen2yloxycarbonyl-L-valyNN-[2-methyl-l -(2-lhiai0lyl)carbonylpropvll-L-prolinamld« (Formula VI, 
heterocycle containing X, N and Q = 2-thia20lyl). 

Amino ketone prepared according to the procedure of Example I4b (0.73 g) was dissolved in 
4s dichloromethane (25 ml). Sequentially addod to the solution were ben2ylO)cycarbonyl-L-valyl-L-proiIne (1.38 
g). l-hydroxybenzotriaiola (l.07g) and 1-(3-dimethylamlnopropyl)-3-ethylcarboditmido hydrochloride (0.76 
g). The mlKturc was stirred overnight at ambient temperature under niirogon. The reaction mixture was 
diluted with dichloromethane. washed (saturated NaHCOa, 10% HCI), dried (Na^SO*) and evaporated to 
give a yellow oil (2.5 g). Purification by flash chromatography, eluting with hexane:6thy( acetate (1:1) gave 
60 tho product as a solid foam (1.81 g); TLC, R(»0.3, hexane:ethyl acetate (1:1): MS, m/e = 515(M + 1. base). 
407, 331,282,91. 
Analysis for CssHuNtOsS.O.S HjO: 
Calcubtod: 

C. 59.64: H. 6.74; N. 10.70 
65 Found: 

0.59.56; H, 8.54; N, 10.42 
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d. (S)-L-Valyl-N-(2-ni3ihyl-i-(2-ihia^olyl)carbonvlpropyll'L-prolinamidc trifluoromQlhanGsulfonic acid sail 
(Formula V, heiarocycl© containing X. N and Q-2-thiazoiyl). 

5 Ketone prepered accordinci to Exampie vfc (0.51 g) was dissolved in dlchloromelhana (15 nr^l) and was 
ireated with trlfluoromethanesuUonlc acid (0.44 ml) in a single portion. The reaction mi)dure was stirred at 
arrbiant temperature for 15 min. Evaporation and drying under high vacuum gave a while gum (1.17 g. 
more tfian 100%). The weight of Cfude product in excess to 100% yield was assumed to be 
trifluoromethanesulfonic acid. 

e. (SH4[<4-Chloropnenyl)9uironylemlnocarbonylhb8n20yl]-L-valyl-N-(2-melhyM-(2-ihiazolyncarbonylpro 
L-prollnamldo (Formula I. hotorocycio containing X, N and Q = 2"thla20lyL A = CO. L=£-phenyl0na. R^^R^.- 

(SO;).NH.CO'. =4-CIC6H*). 

;8 

Crude amino ketone prepared according to the procedure of Example i4d arKJ used without further 
purification (1.U g). l-hydro^<yben^ouiai:ole (0,13 g)^ 4-((4.chloropheiiyl)suironylaminocarbonyl]b©n2oic acid 
(0.34 g) and 4^ethylmorphol!ne (0.59 ml) were dissolved In tetranydroruran and the mixture was treated 

50 with i.(3-dimethYlamfnopropvl)-3'erhylcaft3odiimide hydrochloride. The mixture was stirred overnight under 
nitrogen. Evaporation gave a residue which was partitioned between water and ethyl acetate. The organic 
phase was washed (10% HCL water, brine), dried (MgSO^) and evaporatad. Flash chromatography, eluling 
with chloroform;m3thanol:acetlc acid (100;2.5;0.5). gave the product as a white foam (0.50 g). A second 
purification (same solvent system as above) yielded the title product as a white foam (0.43 g); TLC. 

25 R, = 0-35. chloroform:methano):acelic acid (100:2.5:0.5): MS. m/e = 702 (^sci-M^l). 283. 282 (base), i20; 
HPLC, tn = e.54, Col A, FR=*2, waler:aceronilrileiQlrohydrofuran:trifluoroaceUc acid (55:35:15:0.1). 



Example 15 

JO 

(S)-[4-(N'-(Phenylsu!fonyl)ureido]ben2oyl>L-valyl-N-[l-<2-ben2oxa2oyl)carbonyl-2-methylpropyl>L- 
protinamide (Formula I, heterocycla containing X, N and Q = 2-benzoxa2oyl. A = CO. L = 2-phonyEene. 
=R*.S(03)--NH.C0.NR«-, RS =C<Hs, =H). 

35 

a. 4'[N'-(Phenyl3Ulfonyl)ureidoIbenzoic acid. 

dO To a stirred solution of p-aminobanzoic acid (3.48 g) and 4-metnylmorpho(ine (2.75 ml) in di6till©d 
tetrahydrofuran (110 ml) was added phenylsulfonyl isocyanate (4.85 g). The reaction mixture, which warmed 
slightly upon addition, was stirred for 16 hr, diluted with IN HCl. and extracted with methylena chlorido. The 
organic eirtracts were washed (IN HCl (twice), brine), dried (NaaSOO» fitlered end evaporated to afford a 
yellowish solid. This solid was triturated with ether and filtered to afford the product afi a white solid (5.26 g. 
85%); TLC, Rr = 0.25, m6lhanol:chiorofOfm:aceiic acid (S.-fl5:1): MS. 321{M + 1), 303, 277. 257. 184. 164. 
160. 159. 158. 141. 140. 139, 138. 137. 120. 04. 



b. (iS)-Benzyloxycarbonyl-L-valyl-N-(1-(2-ben20xa2oyl)hydroxymethyl-2-melhy[propyi]-L-proitnamide 
50 (Formula XIV. heterocycle containing X, N and Q = 2-benzoxa2oyl). 



To a stirred solution of ethanol (42.3 ml) in chloroform (44 ml) at 0* was added dropwlse acetyl chloride 
(46.5 ml) over 25 min. The mixture was stirred an additional 10 min. Cyanohydrin prepared as described in 
55 Example 4a (10,0 g). was added to tne mixture, followed by an additional volume of chloroform (44 ml). The 
reaction rni;<ture was stirred at 0" for 3 hr and ihe solvents evaporated fo afford a white foam which was 
dissolvGd in ethanol (100 ml). To this ethanolic solution was added 2-aminophenQl (7.14 g), and tha 
resulting brown mixture was healed to 60* with stirring under nitrogen for 45 min. The reaction mixture was 
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cooled, diluted with ether, washfjU pN NaOH (5 times), brine), dried (NajSOt/KaCOi (2:i v/v)), and 
evaporated to obtain a brown foam (10.3 g). The crude nr^aterial was purified by flash chromatography, 
eluiing with ac9tone:hexanes (35:651. to afford the product (4.92 g): TLC. Fir =0.24, meihanoi: chloroform 
(5:95); MS, m/e = 5S1(M + 1), 331. 148. 108. 91. 
5 Analysis tor CsoHaaNtOs.O.SO HjO: 
Calculated: 

C, 64.39; H, 7.02: N. 10.01 
Found: 

C. 64.29: H. 6,87; N. 9.66 

10 

c. (iS)-L-Valyl-N'[1-(2-benroxazolyl)hydroxymethyi-2-methylpropylhL-prolinamide (Formula XV, heterocycle 
containing X, N and Q = 2-ben2axazolyl). 

A mixture of 10% (w/w) palladium on carbon (600 mg, 50% (w/w) water wet) and Iho product from 
Example l5b (4.90 g) In ethanol (250 ml) was hydro genated in a shaKer at 3.4 bar from 2 hr, after which 
lime an additional portion of catalyst (0.500 g) was added. The mixture was hydrogenated in a shaker at 3.4 
bcr for an additional 2 hr, filtorod through dialomaceous earth and evaporated to afford the product as a 
20 solid (3.87 g, 99%); TLC. R, = 0.42. methanohchforoform (5:95); MS. m/e=44S(M+29). 418(M + 2). 417- 
(M + 1). 

d. (1S)-(4^N -(Phenylsulfonyl)ureidoIben20yl]-Lwalyl-N-[1-(2-banzoxa2dyl)hydroxymelhW-2-molhylpro 

25 prolinamide (Formula Ml, heterocycle containing X, N. and Q « 2-ben2oxa2olyl. A = CO, L-g-phenylene. 
R* =R^S(02).NH.C0.'NR«-. =C6Hs. =H), 



i-{3-Oimethylaminopropyl)-3-ethylcarbodllmld« hydrochloride {190 mg) was added to a sofution of the 
50 product of Example 15c <380 mg), l-hydroxybenzotrlazofe (140 mg), and 4-CN'-(phenyl3ulfonyl)urei*dol- 

benzoic acid (320 mg) In dimelhylformamide (5 ml) and th9 solution stirred at rcom temperature for 16 hr. 

The reaction mixture was diluted with ethyl acetatG. washed (IN HO (three limes), brine), dried (MgSOi). 

and dvaporated. The crude product was flash chrometographed. eluiing with ethyl acetate;chlorofarm:acetIc 

acid (50-50; 1) to afford the product as a solid (460 mg); TLC. Rt = 0.U.. methanol :ch(orcform: acellc acid 
35 (5:95:1). 

Analysis for CsfiH.^NsOaS.l.O H2O.1.O CH3CO2H: 
Calcufatftd: 

C. 57.13; H, 8.31 ;N. 10.51. 
Found; 

40 C, 58.39: H. 6.33: N. 9^5. 



e. (S)-[4-[N'-(Phenytsulfonyl)uraido]benzoyihL-valyl'N-{l-(2-benzoxa20lyl)caTbonyl-2-melhy(prQpyfhL-pro- 
llnamide (Formula I. heterocycle containing X. N and Q=2-benzoxa2olyl, A -CO. L^E-phenyfene. 
4S R* = R^S(Oi).NH.CO.NR*-, RS =C6Hj. R« =H). 



Oess-Martln poriodinane (440 mg) was added to a solution of t-butanol (0.04a ml) and the product of 
Example I5d. (370 mg) in dry methylene chloride (2.5 ml). The mixture immediately darkened and was 

60 allowed to stir for 22 hr. The resuUIng suspension was diluted with methylene chloride, washed (1:1 (v/v) 
aaturatad sodium Ihiosulfate/sodium bicarbonate (3 times), brine), dried (MgSOi). and evaporated to afford 
450 mg of crude oil. This was flash chromatographed, eluUng with ethyl acetateidichloromefhane: acetic 
acid (50:50:1), then rechromatographed using the same system to afford the title compound (9i mg); Tl_C. 
R, = 0.22. ethyl ace tale :dichloromethane:ace1lc add (50:50:1): HPLC, tpa8.46. Col B. FR=2. water, acetoni- 

65 trile:tetrahydrofuran:trifluoroacetic add (55:35:15:0.1); MS. m/e = 640, 317, 316. 298, 245. 219. 197. 120. 
Analysis for GatHtoNsOBS.I.O H2O.2.O CHaCOjH: 
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Colculated: 

C. 56.20: H, 5.99; N, 9.83, 
Found: 

C. 5(3.06; H. 5,93; N. 9.S3. 

5 

Example 16 

10 (SH4-[N'-[(4-Chlofophenyl)sulfonyi)ureidoItwnzoylhL-valy}-N-[l-(2-ben20xa2olylKarbony 

proHnamide (Formula i, heierocycle containing X, N and 0 = 2-benzoxazolyl, A = CO, L=£-phenyl9n9, 
R* =RS.S<02VNH.C0.NR«-. =4-CICfiH4. R«=H). 

fs a. 4-[N'-[<4-Chlorophenyl)sulfonyl]ureido]ben2oic add. 



To a stirred solution of p-aminobenzoic acid (2.68 g) and 4'methytmorpholine (2.16 ml) in distilled 
tetrahydrofuran (90 mi) was addsd chlorophenylsuHonyl Isocyanate (4.25 g). The reaction mixture, which 

20 warmed slightly upon addition, was stirred for 18 hr. The reaction mixture was acidified with IN HCI, and a 
(locculent precipitate fomned. The mixture was oxiracted with methylene chloride, leaving much of the 
procipltatG. Evaporating the molhylcne chlonde solution and triturating the resulting solid with ether afforded 
1 .25 g of a whfte solid. The original solid precipitate was lixiviated with methanol, and the resulting solution 
was evaporated to aKord a white solid which was triturated whh ether to afford an additional 4.90 g (total 

^5 yield 5.15 g. 89%) of white solid; TLC, flf = 0-2l, meihanoixhioroform: acetic add (5:95:i); MS, m/e = 35S- 
(M + 1). 220, 219, 218, 192. 177. 175, 164, 138. 138, 120, 94. 



b. (1S)-1(4-[N'-[(4-ChlQrophenyl)sulfQnyllureido]ben2oylJ-L-valyl-N-[1«(2-ben20Ka20lyl)hydro)cymGlhy^^^ 
30 methyipropyll-L-prolinamtde (Formula III. heterocycle containing X. N and Q = 2-ben20xa20lyi, A = CO, L=£- 
phenylene. R* =R5.S(02).NH.CO.NR«-, «4-ClC<H4. R« =H). 



l-(3-Oimethylaminopropyl)3-ethylcarboaiimlde hydrcchloride (21 0 mg) was added to a salufion of the 
product of E/amplQ iSc (360 mg). 4-dimethylaminQpyridine {130 mg), and 4-[N -((4-chIorophonyOsuIfonyl]- 
ureidolbenzoic acid (507 mg) in tetrahydrofuran (5 ml); and the solution stirred at room temperature for 16 
hr. The reaction mixture was diluted with ethyl acetate, washed (distilled water (3 times), 1 N HCI, saturated 
sodium bicarbonate, brine). The bicarbonate wash was addlfled to pH - 1 and washed three limes with ethyl 
acetate. The combined organic phases were washed (brine), dried (NajSOi). and evaporated. The crude 
^ product was flashed chromatographed, eluting with tetrahydrofuranxhloroform-^cetic acid (70:30:1). The 
rosultlng material was filtered through a Ilea gel using toirahydrofuran: chloroformracotlc acid (30:70:1 to 
100:0:1) to afford the product (350 mg) as a sorid; TLC. R|=0.55. tetrahydrofurantchloroformracetic acid 
(80:20:1); MS. m/e=247, i97. i63. 
Analysis for Ca/HMCINtOgS.4,0, H^O.S.O CH;,C02H: 
4s Calculated: 

C. 48,94; H, e.03; N. 7.29 
Found: 

C, 48.64; H, 5.16: N, 7.53 

so 

c. (S)-[4'[N'-[(4-Chlorophenyl)sulfonyl)ureidoIbenzoyl]-L-valyl-N-{1-(2-ben2oxa20lyl)carbonyl-2- 
melhylpropyll-L-prolinamide (Formula I, halerocycle containing >C N and Q = 2-benzoxa2otyl. A = CO, 1 = 2* 
phenylene. R* = R'.S(Oc),f^H.C0.NR<=-. R^ =i4^C€Hc. R^ =H). 



Oess-Martin periooinano (500 mg). was added to a solution ol t-butar^ol (0.055 ml) and the product front 
Example ISb (440 mg) in dry methylene chloride (3 ml). The mixture immediately darkened and was 
ellowad to stir for 22 hr. The resulting suspension was diluted with ethyl acetate, washed (^:^ (v/v) saturated 
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sodium thiosulfate:sodium bicarbonate (3 times)), dried (MgSO*). and ©vaporatad to afford 570 mg of an oH- 
This was Hash civotiiatographed, eiuting with acetonoimaihylene chlorids:ac3tic acid (60:40:1). lo afford the 
title compound (95 mg); TLC. R, = 0.50. meihanol:chloroform:ace(ic acid 00:90:1); HPLC. tfi^" 14.68. Co! B. 
FR = 2. waier:acetonitrile: t6trahydro^uran:trif!uoroacetic add <55;35:i50.l); MS, m/o=3l7. 316. 219, 192. 
5 120. . 

Aralysis for C3«H33CIN608S.t.O CHaCO^H: 
Ca(culatdd: 

C. 56.26: H, 5.34: N, 10.36. 
Found: 

10 C. 56.23; H, 5.50: N. 10.59. 



Example 17 

75 

(S)-(4-{N ^(4-Chloropheny))su!fonyl)ureidolbenzoyl-L-'/alyl-N-l1-[5-(methoxycarbDn^ 
carbonyl-2-methylpfOpyn-l-prolinamid9 (Formula I. hetorocycle containing X. N and Q=»5- 
(moihoxycarbonyOben20xa20l-2-yl, A = CO. L»E-phenylene. = R',SlOi).NH.CO.NR«, RS=4^ClC€Hi. 
R«=H). 

20 

a. (S)-U-Valyl-N-[1-[S-(methoxycafbony1)ben20xa20l-2'yl]carbonyl-2-mcthylpropyil-L-prolinami (Formula V. 
heterocycle containing X, N, and 0 - 5-(methoxycarbonyOben20xe20l-2-yl). 

25 

To a stirred solution of the product of Example fib (1.00 mg) in methylene chloride (8 ml) under 
nitrogen was addod drbpwise IrifluoromothanosuKonic acid (0.73 ml). After 10 min the reaction mixture was 
diluted with dichloromethane and washed three times with distilled water. The pH of the rasulting solution 
was adjusted to pH 8 by the addition of a solution of saturated sodium bicarbonate (25 ml). The basic 
30 solution was vigorously extracted with dichloromolhane six itmes. Sodium chloride (10 g) was added lo tf\e 
remaining aqueous layer, and U was extracted twice with dichloromethane. All the organic extracts were 
combined, dried (Na?SOi) and evaporated to afford the produci (820 nr\g); TLC. R| = 0.20, metha- 
nolxhloroform, (5:95). 

35 

b. (S)-[4-[N'-[(4-ChlorophenyOflulfonylIureldolben2oyl]-L-valy!-N-{1-(5-(methoxycarbonyl)bon20xa2ol-2-yll- 
carbonyl-2-methylpropyl>L-pronnamlde (Formula I, heterocycle containing X, N and 0=5* 
(methoxycarbonyl)ben20xa2oN2-yl. A=CO, I = £-phenyl0n6, R* = RS.S(02).NH.C0.NRS, R«=:4-aCtH4. 
R«=H). 

i-(3-DImelhylanilnopropyl)3-ethylcarbodiimld© hydrochloride (100 mg], was added to a solution of the 
product of Example 17a (225 mg). 1-hydroxyben20lria20le (70 mg). and 4-[fM'-{(4-chlbrophenyll£ulfonyll- 
ureido]bon2oic acid (190 mg) In dichloromethane (3 ml) and the solution stiffed at room temperature for 16 

<5 hr. The reaction mixture was diluted with ethyl, acetate, washed (1N HCI (3 times), brine), dried (MgSO*). 
and evaporated. The crude product was purified by Hash chromatography, eluting with acetonermethylen© 
chloride:acetic acid (10:90:1). to afford the title compound (271 mg) as a solid; TLC, R« = 0.14. ac- 
etone :dichlorometh3no:ace tic acid . (20:80:1); HPLC. t« = 13.47, Col A. FR = ^ wa- 
tar:acGtonilrilo:tetrahydrofuran:trinucroac6tic add (55:35:15:0.1): MS, m/e»e99, 374, 245, 219, 197, 178. 

50 120, 

Analysis for CaaHc*ClN6 0ioS.3.7 H2O.O.7O CH1CO2H: 
Calculated: 

C. 51.55; H, 5.62: N, 9.15 
Found: 

as C, 51.40; H, 4.97; N. 9.48 
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Example j8 

[4.[nrfinuorornethvlsu!fonyl)amfnolb0n2oyl)-L-va)v<-N-[t-[5-(memoxycart)onyl)benzoxaro 
5 methytpfopyll-L-pronnamide {Formula I. heterocycis containing X. N and Q = 5-(melhoxycarbonyl)- 
benzoxa20l-2'yl. A = CO. L = Q-phenylene, R* =CF3.S(02).NH-). 



a. Ethyl 4-[(trifluoromeinyl3iJlfcnyl)amino]t)en2oate. 

w 

Trifiuoromeman«suifor\it: anhydriue (4.1 ml) was added dropwlse to a pfacooled (0") solution o( emyf p- 
amtnobonzoate {3.3 g) In dichloromothano (SO ml) undor nitrogen. The loactlon mixture was stirred for 1 hr 
at 0°. then was allowed to warm to room temperature and was stirred for 1 hr. After the reaction mixture 
re wac evaporated, ethyl acetate (125 ml) was added to the readuo; and tr=e resultant organic eolution was 
washed (IN HCI, ihen brine), dried (MgSOa). and evapofaiad. The residue was purified by (lash chromatog- 
raphy, eluiing with chloroform rmethanol (95i5). to give the product as a white powder (1.27 g): TIC. 
Rr = 0.37. chlorotorm:methanol (90:10). 

b. 4-[(TriftuoromGthylsulfonYl)amino]bon20tc acid. 



A solution of IN NaOH (9.4 ml) was added to a stirred solution of the product of Example iSa (1.25 g) 
H in moihanol (25 ml). Wator (2 iyiI) was addod, and tho reaction mixture was stirred ovarntght. After the 
methanol was distilled off under water aspiration vacuum, the resulting aqueous residue was diluted with 
water (20 ml). The aqueous eolution was washed with ethyl acetate, made acidic (pH 2) with iN HCI, and 
extracted with ethyl acetate (tcta! = 40 ml). The organic phase was dried (MqSOa) and evaporated to give 
the produa as awhile powder (1.05 g); TLC. R, = 0.4. chloroform :methanol;acatic acid (96:4:0^). 

'SO 

c. (S)-L-Valyl-N-{i-[5-(methoxycarbonyl)ben2oxa20l-2-yl]carbonyl-2-methylpropyl}-l-prollnamide (Formula V. 
heterocycle containing X. N, and 0 = S-(methoxycarbonyi)benzoxa20h2-yl). 

35 

To a stirred solution of the product of Example 8b (750 mg) in methylene chloride (5 ml) under niircgen 
was added dropwise trHluoromethanesulfonlc acid (0.53 ml). After 20 mfn the reaction mixture was diluted 
with dichloromethane and washed three times with distilled water. Sodium chloride (5 g) was added to the 
combined aqueous layers and the resulting solution was adjusted to pH 6 by the addition of a solution of 
-0 saturated sodium bicarbonate (20 ml). The basic solution was vigorously extracted with dichtorome thane 
eight times. The organic layers were combined, dried (Na?SO*) and evaporated to afford the produci (420 
mg): TLC. R|»0.28. methanolrchloroform (555). 

4'i d. [4-{(Trifluoromethyl.3iilfonyl)emino|ben2oylK-valyl-N-[V(5-<methoxyc8rbanyl)benzOKa20l-2-yl] carbonyl-2- 
meihylpropylJ-Uprollnamlde (Formula i, heterocycle containing X, N and Q = 5-(mQtho<ycarbonyl)- 
be^20xa20l-2-yl. A "CO, L-g-phenylene, -CF3.S(02).NH-). 

so l-(3-Dimethylaminopropy1h3-ethylcarbodiimide hydrochloride (240 mgl was added to a solution of the 
product of Example I8c (420 mg), 4-dimethylaminopyridine (110 mg), and 4-[(trinuoromelhylsutfonvl>- 
amlnolbenzolc acid (340 mg) In letrahydro furan (3 ml); and the solution stirred at room temperature for i0 
hr. The reaction mixture was diluted with ethyl acetate, washed (IN HCI (3 limes), brine), dried (iwigSOi), 
and evaporated. The cojde product was purified by flash chromatography, eluting with metha- 

55 nol:chioroform:ac9ilc acid (20:80:1), to afford the Utie compound (330 mg) as a solid; TLC R,=0^0. 
mGihonoixhIoroformiacctic acid (5:95:1): HPLC. tp.= 15.6t. Col A. wator:acetonitrilo:tetrahydrofuran:acetlc 
acid (55:35:15:0.1). FR = 2; MS, m/e = 752(M +29). 724(M+1), 706, 364, 356, 351, 323. 
Analysis for Ci:!H3fiFsNsO9S.0.e0 H;O.0.80 CKiCOi-H: 
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Calculated: 

C. SI. 57: H, 5.20; N, a95. 
Found: 

C. 51.29; H, 5.07: N, 8.97. 

5 

Example 19 

tn S-[4-[f4-ChlorophenyOsulfonyfaminocarbonyllb6nzoyll-L-valyf-N-[1-(5-(aminocarboT^ 

carbonyl-2-mathylpropylhl.-prolinamlde (Formula I. heterocycle containing K N and Q = 5-(aminocarbonyl)- 
ben20¥a2ol-2-yl, A = CO. L^g-phonylona. R'-R^S(02).NH.C0-, RS =4-CICfiH4). 



.'S Method A 



Material prepared as described in Example § and estimeted to contain at toast 95% of the (S)- 
diastereomer (200 mq) was dissolved in hoi chJoroform (15 ml), filtered, and diluted to a total volume of 25 
20 ml with hot chloroform. Toluene <5 ml) was added until the solution just turned cloudy and a fow. drops of 
chloroform were added 'resulting in a dear solution. The solution was allowed to cool slowly. After 4 days, 
the supernatant was removed by filtration and the crystallized solid was dried under nitrogen to afford iOl 
mg white solid: mp 165-180'; t«'Io^ =-73.2* (c = 2^. CHjOH). 

25 

Method B 



a. BenzylQxycarbonyl-L-valyl-L-pfOlinc t^^utyl ester. 

30 

N-Benzyloxycarbonyl-L-valine (121.3 Q). 1 -hydroxy benzotriazole (130.6 g) and dry dimethylformamide 
(DMF) <eOO ml) were placed in a 5 tiler, S-necked flask equipped with a mechanical stirrer, thermometer, 
and a calcium sulfete drying lube, under nitrogen atmosphere. The mixture was cooled to 0* for 15 min and 

35 proline t-butyi ester (82.6 g) In dry DMF (600 ml) was added, at a fast dropwisa rate over 2 h while the 
lemperatura of the reaction mi)rture was maintained at O*. Dicyclohexylcarbodllmide (109.4 g) in dry DMF 
(400 ml) men was added in one portion to the reaction mixture. The reaction was siin-ed at 0' for 3 h. 
allowed to warm to room temperature gradually over i h. and stinrad for 48 h, whereupon the reaction *as 
shown to bo complete by TLC (R,=0.55, chl0f0lorm:ethyi acetate (85:15)1- The reaction mixture was chilled 

<o in ice/water and filtered coW to remove the precipitated dicydohexyl urea. The DMF was evaporated using 
a mechanical vacuum pump and at a maximum bath temperelure of 40'. The remaining oil was diluted with 
ethyl acetate (2 (iter), chilled, and refiliered to remove additional dicyclohexyl urea. The ethyf acelate 
solution was washed (20% (w/v) citric add solution (twice), saturated sodium chloride solution, saturated 
sodium bicarbonate solution (twice), and saturated sodium chloride solution), dried (MgSO*). and evap- 

^6 orated to affonj crude benzyloxycarbonyl-L-valyl-L-pnDhne t-butyl ester as an amber oil (208,3 g. lOOra). 



b. L-Valyl-proline t-butyl ester. 

w 

A solution of benzyloxycarbonyl-L-vaiyl-L-prolina t-bulyl ester (51.8 g) dissolved in absolute ethanol (1 
liter) was placed in a 2 liter hydrcgonatlon bottle. The react'on mixture was purged with nitrogen, and 10% 
{yftN>t) palladium on carbon catalyst (10 g, 50% (w/w) water wet) was added. The reaction was placed on a 
large shaker apparatus and shaken at room temperature under a hydrogen atmosphere (3.4 bar). After 1 h. 
38 hydrogen uptake ceased. The reaction mixture was chocked by TLC [chloroform: ethyl acetate (85:15)] and 
shown to contain considerable starting material (Ri=0,55). Fresh catalyst (10 g) was added, and the 
reaction was placed back on the apparatus for another 4 h. at which point hydrogen uptake ceased- TLC of 
the reaction mixture showed complete absence of starting material. The reectlon mixture was filtered 
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through a pad of diaiomaceous e^rth. and the filter cake was waehad vvith ethanol. Evaporation of th<i 
ethanol Irom the condensec solution isft a doudy yellow oil. This oil was dissolved in eihsr {i liter), filtered 
to remove a small amount of precipttate (dicyclohexyluroa) and ovaporato to give crude L-valyl-L-prolire t- 
butyl ester as a yellow oil (32.1 g, 63%). 



c. (4*[(4-Ch(orophenyl)sulfonylaminocsrt>onyl]ben20yll-L-va)yl-L-pro)Ine t-butyl ester. 

70 4-Dimethylaminopyrldlne (16.4 g) was addec to a soluton of 4-[(4'Chlorophenyl)sulfonyIaminocafbonyl> 
benzoic acid (45.6 g) in mothyleno chloride (250 mt). The mixture was stirred 15 min before amine from 
Example i9b (33.9 g) in dlchloromethane (250 ml) and H3'dimethylaminopP0pyl)-3-ethylcarbodilmlde (28.3 
g). succGSSivoly. wore added. The reaction mixture was stirred 16 h and additional amine (1.1 g) and 
carbodiimids (1.5 g) were added to the reaction mixture. After an additional 3 h, tho reaction was 

75 evaporated to afford a thick, grey syrup. This was dissolved in ethyl acetate, washed (20% w,^ citric acid (3 
times), brine (4 times)), dried (MgSO»), and evaporated. The crude material was flash chronnalographed, 
eluUng wfth methanol:methylene chloride (gradient: 0:1 (1 .5 liter), 2.98 (1 .5 liter) 4.*9e (1 5 liter). 5:95 (4 Uter)- 
). to afford [4-((4-chlorophenyl)suifonylaminocarbcnyllb8nzoylhL-va]yl-L-protine t-butyl estsr (65.5 g, 73%) 
as a white foam; TLC, Rj=0.50, methanoUdlchloromethaneiacetfc acid (2:98:1). 

:><) 

d. (4-[(4-Chlorophenyl)3ulfonylaminocBrbonyl]benzoyn-L-valyl-L-proline (Fonmula IXa, A = C0, L = 2' 
pnenyiene. R*- = RV.S<02).NH.C0-. R"^ =4-010; H*). 

The product from Example i9c (95.5 g) was dissolved in trifluoroacatic acid (200 ml) wi!h siinring under 
a nitrogen aimosphere ai 0*. After one hour the reaction mixture was cooled to -15* for 16 h, after which 
lime the reaction was poured into ice water (2 liter) with vigorous stirring. The precipttoto was fllterod, 
washed with three portions of cold water and dried under reduced pressure. The crude product was 

30 redissolved in Irifluoroacetlc acid (200 ml) and stirred at room tamperature 18 h. The reaction mixture was 
poured Into of Ice water (1.5 liter) with vigorous stirring. The precipitate was littered and dried under high 
vacuum to afford Ihe acid (59.7 g): TLC, R(=0.05; methanol:chloroform:acetic acid (5:95:1 1, For further 
purification, the above acid (59.7 g) and calcium oxide (6.25 g) were dissolved in water (500 ml) and 
tatrahydrofuran (500 ml), and heated at 55-60* for 0.5 h. After cooling to room temperature, the mixture was 

J5 concentrated under reduced pressure. The aqueous phase was decanted from the gummy residue and 
lyophilized to afford a yellow-white powder (47.3 g). This material was crystalli2Sd from meiharwhwater and 
converted back into Ihe (ree acid by dissolving it in water and treating the sotution with IN HCl (pH 2) and 
filtsring the precipitated solid. 

40 

c. N'BGnzylQxyca/bonyl-L-val!na!. 



To a solution of (he product of Example \c (27.5 g) in acetone (1.7 IKer) was added p-toluenesulfontc 
iS acid mono-hydrate (1 .0 g) and the resulting solution stirred for 28 h. The solvents were evaporated: and the 
residue was dissolved in ether, washed (saturated NaHCOa (3 times), brine)), dried (MgSOi) and evap- 
orated to afford the aldehyde (20.8 g); TLC. Rf=0.4e, methanol:ch(oroform (5:85); MS, m/e = 23e(M+ 1), 
192.91. 

50 

f. (3S)-3-(Ben2yloxycarbonyl)amino-2-hydroxy-4-methylpentanenUriie (Formula xtlla. W^CN). 



A 500 ml round bottomed flask with stirrer was dried under vacuum and purged with nitrogen. The flask 
sfl was charged with methylene chloride (285 ml) followed by the addition of the aldehyde product of Example 
i9e (20.8 g) and triethyl amine (7.40 ml). Acetone cyanohydrin (24,0 ml) was added in one portion. The 
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reaction miirture was slirred for 6 h and the solvent evaporated. The crude product was dissolved in elher. 
washed t>*ater (3 times), brine), dried (MgSOt). and evaporated. Tho rosulting crude oil was flash 
chromatographed. elating with rpethylene chlorlde:nr>othanol:NHiOH (99:1 :0.i) to afford the cyanohydrin 
(18.0 g. 78%) as a yoHow solid; TLC. R|a0,53. aceton©:h©xanos (50:50). 

c 

q, (2S)-2-[(Beri2yloxycarbonyl)amiao-1-hydroxy-3-methylbufyl]b0nzo^a2ole-5-carboxamide (Formula XIV3, 
hsierocycla containing K N and Q = S-<aminocarbonyl)ben^O)^320^2-yl). 

A 1 liter flask with stirrer was dried under vacuunr\ and purged with nHfogon. The flask was charged with 
freshly distilled acetyl chloride (98.0 ml) and chloroform (100 ml) and cooled in an ice bath. Ethanol (69,0 
ml) was addod dropwise over 45 mln maintaining Iho (emperaiufo bolow 15'. After cooling to 5', a solution 
of the product of Example I9f (12.0 g) in chloroform (100 ml) was added dropwise over Iho course of 10 

f5 min. The reaction mixture was allowed to stir for 2 h in an ice bath and ih© solvent evaporated at 0» to 
afford a tan foam (14.1 g. 100%): TLC. after partitioning an aliquot between ethyl acetate and saturated 
NaHCOs to iom rho free imino ether, R, = 0,40, acetonothexanes (50:50); MS. m/e = 309(fvi + 1 ), rn was 
dissolved in absolute ethanol (230 ml) and 3-amlno-4-hydroxyben2amid6 (7.30 g) was added. The mixture 
was refluxed for 1.5 h and the solvent evaporated to afford a brown solid. The solid residue was dissolved 

£0 in 500 ml ethyl acetate, washed (IN HO saturated with NaCl. saturated NaHCOo/NaCI, brine), dried 
(MgSO*). and evaporated. This residue was dissolved In methanol, adsorbed onto diatomaceous earth, and 
flash chromatographad, eluting with acetoneiiexanes (50:50), to afford the alcohol (7.15 g, 39%) as a tan 
solid: TLC. Rt=0.t I. acetonsihexanes (50:50); M3. m/e = 290."24e. 

h. (2S)-(2-AmlnQ-1-hydf0xy-3-methylburyl)ben20xa20l-5-carboxamide (Formula XVa. heterocycle containing 
X. N and Q = 5-(aminoc3rbonyl)ben20xa20l-2-y(). 



3D A mixture of 10% (w^v) palladium on carbon (1.26 g, 50% (w/w) water wet) and the product from 
Example Igg (5.00 g). in ethanol (63 ml) was hydrogenatod in a shaker at 3.4 bar for IB h. The mixture was 
nilored through diatomaceous earth and the solvent evaporated lo afford Iho amine (3.13 g, 95%) as a tan 
solid: TLC, R, = 0.20, meihyteno chloride;-methanoLNH*OH (95:5:0^); MS, m/e = 264 (M + 1). 

X 

I (lS)-(4^(4-Chlorophenyl)sulfonylaminacarbonyl]bon20yl]-L-vaiyl-N-[l-(S-(amfnocarbonyl)ben2oxa20l-2-yl]- 
hydroxymethyl-2-methylpropyIH-proRnamlde (Formula III, heterocycle containing X, N and Q = 5- 
(aminocarbonyl)ben20xa20l-2-yl, A = CO. L3:£-phenylene. R* = RS,S(Oo).NH.CO-. R^ = 4-ClC«H4). 

40 

1-<3-Dimethylaminopropyl>-3-€thyIcarbodjir7\ide hydrochloride (1.57 g) was added to a solution of the 
product of Example i9h (1.57 g), 1-hydroxyben2trle20le (1.01 g) and the acid product of Example 19d (4.00 
g) in dimethylformamido (75 ml) and the solution stlnred at room temperature for 60 h. The solvent was 
evaporated and the brown oil washed wiih 1 N HCI saturated with NaCI. forming a tan precipitate. After the 
15 precipitate was filtered and a portion of the solid (750 mg) was removed, the aude precipitate was 
dissolved in methanol, adsorbed onto diatom eceous earth and purilied by flash chromatography, eluting 
with methylene chloride: methanol :NH4. OH (gradient 85:15:1 to 70:30:1), to afford tho. alcohol (3.68 g. 59%) 
as a tan solid; TLC, Rt = 0.22, methylene ch!oride:methanol:acetlc acid (90:10:0.2); fViS, m/e = 42i. 

50 

j. (S)■(4((4-Chioroph0nyOsulfonylaminocarbony^lbeAzoyl^L-valyl-N-[H5-(em(nocartM^yl)ben2oxa2o^^^^ 
cafbonyl-2-meihyIpropyl]-L-prolinamide (Formula I. heterocycle containing X, N and Q = 5-(aminocarbonyl)- 
benzoxazol-2-yl. A=^CO, L=g-phenyl9ne. fl* »R\S(02).NH.C0-. RS =4-CICcH4). 

55 

To a solution of alcohol prepared in a similar manner to that described in Example l9i. above, (50 mg) 
and 1-(3-dimeihylaminopropyl)-3-ethylcarbodiimlde hydrochlcrtde (183 mg) in dimethylsulphoxide (1.0 ml) 
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and toluene {1.0 ml) was added Oich:oroacetic acid (8.2 mg. 0.0052 ml). The mixture was allowed to stir for 
IB h. then additional dichloroacetic acid (0.011 ml) was added and stirring continued for an additional 24 h. 
Tha reaction nrtixture was dlsfioJved In chloroform, washed (IN HCI» brine), dried (MgSO*), and the solvents 
cvaooraiG-d to afford the titit; con^pound (42 mg). 
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Scheme IV 




Claims 

1 . A compound of the following formula I. set out heroinbetow. wherein; 
the group -Q-l3 selected from a group consisting of (I) ooho- phenylene. optionally bearing one or two 
substituants independently selected Irom a group consisting of tiatogeno. nitro, an amino group of formula 
-NROR'*. an acylamino group of formula -NHCOR^. hydroxy, en ecyloxy group of formula -OCOR", (1-4C)- 
aikoxy. (i-4C)alkyl, irifluoromeihyl. carboxy, cyano. [(i-4C)alko2fy)carbonyl. an aminocarbcnyl group of 
formula •CONfi*'R^ (including formula -CONRJ when R** = R*'), sulfo. 9uifonamido of formula SO^NR'RJ and 
(1-3C)hydro)tyalkyl; and (ii) a cis-vinylerte group of formula -C(R"*) = C(R'*)-wherain 

R^ anrt R** are each independently eoieclec from a graup consisting of hydrogen, nitre, an amino group 
of formula «NR*'R*'. an acytoxy group of formula -OCOR". (1-4C)alkoxy. (l-6C)aJkyl. trifluoromsthyl. carboxy. 
cyano, ({l-4C)alkoxy]carbonyl. an aminocartjonyl group of formula -CONRpR** (including formula -CONR*'^ 
when R' = R*^). a hydrcxymethyl group, and phenyl optionally bearing ono or two substKuonts chosen from a 
group consisting of haiogeno. nitro. (1-4C)alkoxy. (1-4C)alkyl and trinuoronrwthyl: 

R^, R", R'. R', R'*'. R** and R"' are each independently selected from a group consisting of hydrogen and 
(1-4C)elkyl; 
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fl''is(1-4C)alkyi; 

X Is selected itorri a group consisting of oxygon and sulfur; 

A Is selected from a group consisting of -CO-. -NH.CO-and -0.C0-; 

L is selected from a group consisting of phenyieno, (i-6C)alkancdlyl. (2-eC)aIkenediyf and phenylenc- 
s (i-3C)alkyi optionally containing one double bond fn the alkyi portion, provided that a carbon included in a 
double bond of an alkencdiyl or Included in an optional double bond of q phenylenealkyl group is not 
directly bonded to an oxygen or nlirogen atom of group A: and 

R* is selected from a group consisting of an acy (sulfonamide of formula R^S(02).HN.C0-. an 
acysulfonamide of formula RS.C0.NH.S(02)-. e sulfonylurea or formula RS.NH.C0.NH.S(02>-. a sulfonylurea 
?o of formula R^.S(02).NH,C0.NR'^-, and a trifluoromelhylsulfonamide of formula CF3.S(0a).NH-wherein 

R5 is selected from a group consisting of (MOC)alkyl. trifluoromethyl. (3-10C)cycloalkyl, (6 and 10C)- 
aryl optionally substituted by i to 3 members of a group consisting of halogeno, nitro, amino, 
dimelhylamino. hydroxy, methyl, trifluoromethyl. carboxy. phenyl, and ((l-5C)aikylcarbonyl]amino; and an 
aromatic heterocyclic group in which up to 3 CErbons of the aromatic syslom may bear a substituent group 
16 Independently selected from a group consisting of halogeno and trifluoromethyl; and 
is hydrogen or methyl; and 
pharmaceutically acceptable base-addition salts thereof. 

2. A compound as claimed In Claim l wherein an ophonal substituent on Q when Q is crtho-phenytene 
■ is selected from a group consisting of lluOfO. chloro, bromo. nItro. an amino group of formula NRSRf^, an 
so acylamino group of formula -NHCOR'". hydroxy, an acykixy group of formula •OCOR^ methoxy. ethoxy, 

propox\', Isopropoxy, t-butoxy, methyl, ethyl, propyl isopropyl, 2-mothylpropyL t-butyl. trifluoromethyl, 
carboxy, cyano, methoxycarbonyt. cthoxycaTbonyl, l-butoxycarbonyl. an aminocartjonyl group of formula 
-CONRPR*' sulfo. sulfonamido of fomnula SOzNR'f^^, hydroxy methyl, 2-hydroxyethyl, and l.l-dlnoethyl- 
hydroxymethyl, wherein R**, R'. R". R"*. R^ and R" are each Independently selected from a group 
consisting of hydrogen, methyl, ethyl, propyl. isopropyK 2-moihylpropyl and t-butyl and R" is selected from 
a group consisting of mBthyi. ethyl, propyl, isopropyl; 2-melhyIpropyl and t-butyl; R- and R*" are each 
independently selected from a group consisting of hydrogen, nitro. an amino group of formula -NROR\ an 
acyloxy group of formula •OCOR^ methoxy, ethoxy. pfopoxy, isopropoxy, t-butoxy, methyl, ethyl, propyl, 
isopropyl. butyl. 2-methylpropyl. ^bulyl. trifluoromethyl. carboxy, cyano. methoxycarbonyl, eihoxycarbonyl. 

do t-butoxycarbonyl, an aminocarbonyl group of formula CONRpR". hydroxymethyl. and phenyl wherein the 
phenyl optionally bears one or two substHuents cnoson from a group consisting of fluoro, chloro. bromo. 
nitro, methoxy, ethoxy. propoxy. isopropoxy, i-butoxy, methyl, eihyl, propyl, fsopropyl, 2-methylpropyi, t- 
butyl and trifluoromethyl. wherein R*". R^ and fl*' are each indapehdanily selected from a group 
consisting of hydrogen, methyl ethyl, propyl, isopropyl. 2-melhylpropyl and t-butyl. and R" is selected from 

jfi a group consisting of methyl, ethyf. propyl, isopropyl, 2-m»thylpropyl and t-butyl; 

R* is selected from a group consisting of methyl, ethyl, propyl, Isopropyl. t-bulyl. 4-methylp6ntyi, 
trifluoromethyl. cyclopropyl. cydopentyl, cyclohexyl, norbornyl, adamanlyl. phenyl, naphthyl fin which an 
optional substituent on the phenyl or naphthyl Is fluoro, chloro, bromo, nitro, amino, dimethylamino, 
hydroxy, methyl, trifluoromethyl. carboxy. phenyl, formylamino, acelylamlno. 2-melhylpropanoylamino or 

40 2.2-dimethytpropancylamino), furyl, thienyl, pyridyl and pyrimidinyl optionally substi tuled on the aronriatic 
heterocyclic group by fluoro, chloro, bromo or tritluoromelhyi; and 

L Is selected from a group consisting of £-phenyleno, m-phenylene, methylene, othan-i ,2-dlyl, othan- 
1.1-diyl, propan-1,3-diyl, propan-1.2<Ilyl. propan'2.2-diyl. but8n-1.4-oiyl, 2-rn0thylpfOpan-2.a-divl. 2- 
melhylprop3n-i.2-diyl, penian. 1.5-diyl, ethen-1 ,2-diyl, pro pen- 1 ,2-dlyl. propen-l.3-diyI, buten-l .4-diyl, but-2- 

4s on-1.4-diyl, penlen-1,S-diyl, 3,3-dime1hylpropen-l,3-dlyl« £-phenylenemethyl, 2-{£-phenyl6ne)eihyl. 2-(£- 
phenylene)-2-propyl and 2-(^phenyIenG)othenyl. 

3, A compound as claimed in Claim 2 wherein en optional substituent on Q when Q is o-phenyleno is 
chloro. dimethylamino, acetytamino, hydroxy, acetoxy, methoxy. methyl, trifluoromethyl. carboxy, cyano, 
methoxycarbonyl. ethoxycarbonyl, aminocarbonyl. methylaminocartjonyl, dimothylamlnocarbonyl, amlnosul- 

5/) fonyl, dimethylaminosulfonyi or hydroxymethyl; 

R* and R** are each independently selected from a group consisting of hydrogen, dimolhylamino, 
acetoxy, methoxy, methyl, trifluoromethyl, cyano. methoxycarbonyl. aminocarbonyl, methylaminocarbonyl. 
dlmethylamlnocarbonyl, hydroxymethyl, phenyl, chlorophenyl. methoxyphenyl and trifluoromefhylphenyl; 
R* is R^S(Oa).NH.CO-, R5.S(0?),NH.CO.NRC-. or CFaSO^NHs-: 
55 R' is selected from a group consisting of methyl, ethyl, isopropyl, cyclopropyl, cydopentyl. phenyl, 

chlorophenyl, bfomophenyl. trifluoromelhyl phenyl. 1-naphthyl, 2-thlenyl, 2-pyridyl and chloropyridyl; 
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R* is hydrogen; 
A is -CO-; anc 

L is g-phenylene. ethane- 1 .2-diy(. ethen-1.2-diyt. £-pnenylenemethyt or 2-(£-phenylene)etheny!. 

4. A compound as claimed in Claim 3 wherein an optional subslituent on Q is hydroxy, mothoxy, 
6 carboxy, meihoxycarbcryl. aminocarbonyl or hydrovymethyl; 

R^* and oro hydrogen; 

is methyl, isoprcpyl. phenyl or 4-chlorcphenyl; and 
L is g-phenyiene. 

5, A compound as claimed in Claim i selected from a group consisting of a bonzoxazole wherein X Is 
10 OKyGS'i and Q is ortho- phenylsne. an oxazole wherein X is oxygen and Q Is a cis-vtnylene group of formula 

-C(R^)=C(R'*)-. a benzothiaroie wherein X is sulfur and 0 is ortho-phenylene, and a thiazole wherein X Is 
sulfur and Q is a cis-vinylene group of formula ■C<R^) * C(R**>-and whoroin an orthp- phenyleno group may 
optionally bear one or two substituents independently selected from a group consisting of halogono, nitro, 
ar\ amino group of formula -NR^R**. hydroxy, acetoxy. ( 1 -4C)alkoxy. <l-4C)alkyl. trifluoromethyl. carboxy, [(1- 

16 4C)alkoxy;carbonyI, sulfo and a sulfonamide of formula SOsNRW; and wherein 

R* and fl'' aro ooch independently seleclod from a group consisting of hydrogen, nitro, an amino group 
of formula -NR^R*". (l-4C>alkoxy, (i*6C)alkyl, Irlducromeihyl, carboxy. cyano. [(1-4C)alkoxy. (1-eG)alkyt, 
trifluoromothyl. carboxy. cyano, [(1-4C)alkoxy)carbonyl. and phenyl optionally bearing one or two sub- 
stituents chosen from a group consisting of halogeno, nitro. (1-4C)alkoxy. (l-4C)alkyl and trifluoromethyl; 

20 R<». R**. R' and R' are each independently celectad from a group consisting of hydrogen and 0"4C)alkyl; 
A is selected from a flioup consisting of -CO-. -NH.CO-and -b.CO-: 

L ifi SAlHCted from a group consistir^g of phenyieno, (i-6C)alkanediyl, (2-6C)alkonediyl and phenytene- 
(1-3C)alkyl. optionally containing one double bond in the alkyl portion, provided that a double bond of an 
alkenedlyl or an optional double bond of a phenylenealkyi group is not directly bonded to an oxygen or 
i5 nitrogen atom of group A; and 

R* is selected from a group consisting of ficylsulfonamide of formula R5.S(02).NH.CO-. acysuifonamido 
of (ormuia R5,C0.NH,S(0a}-. sulfonylurea of formula R5.NH.CO.NH.S(02)-aMd sulfonylurea of formula R^.S- 
(OiONKCO.NR* -wherein 

R^ is selected from a group consisting of (1-10C)aIkyl. trKluoromethyl. (3-lOC)cyCloalkyl. (6 end tOC)- 
JO aryl optionally substituted by 1 to 3 nr^embers selected from a group consisting of halogenc, nitro, amlrv). 
dimelhylamtno. hydroxy, mothyl. trifluoromethyl, carboxy. phenyl, and [{l-SC)alkylcarbonyl]amino: and an 
aromatic heterocyclic group in which up to 3 carbons of the aromatic heterocyclic group may bear a 
substltuent group independently selected from a group consisting of halogono end trifluoromethyl: end 
R*^ is hydrogen or methyl: and 
3d pharmaceutically acceptable base-addition salts thereof. 

9. A compound as claimed in Claim 1 selected from a group consisting of: 

(a) a bcnzoxazolG wherein X ts oxygen and Q (s o-phenylono as do fined under (i) in the definition of Q: 

(b) an oxazole wherein X is oxygen and 0 is cis-vinylene as defined under (ii) in the definition of Q; 

(c) a bertzcthiazolo wherein X is sulfur and Q is o-phenylene as defined under (I) in the definition of Q: 

•40 and 

(d) a thiazole wherein X is sulfur and Q is cis-vinylene as defined under (ii) in the definition of Q, 
and pharmaceutically accep tattle basG-addliion salts thereof. 

7 A compound as claimed in any one of Claims 1. 2. 3. S or 6 wherein X is oxygen; R* is R^.StOj)' 
NH.CO-or R''^.S(0j).NH,C0,NR*^-; L is g-phenylene; A is -CO-: and R> Is 4-chIorophonyl. 
-rs a. A compound as claimed In Claim 4 wherein X Is oxygen; R* Is R^S{0^).NH,CO-: L is g-phenylene; A 
is -CO-; and R' is 4-chlorophenyl. 

9. A compound as claimed in Claim i selected from a group consisting of: 
(1) [4-{(4-chloropheiiyl)sullonylaminocarbonyl]bGn2oylhL-valyl-N-[l-{5-hydroxyt>on20xa2ol-2-y!)cart)ony^ 
2-methylpropyl]-L-prolinamide; 
50 (ii) {4-((4-chlOfophenyl)su/fonyIaminocarbonyllb8n2oyl]-L-valyl-N-(1-[5-(aminocartx)nyt)benzoxa20l«2-ylh 
carbonyl-2-mothyloropyll-L-proIinamlde; and 

(lii) [4-[(4-chlorophenyl)3ulfonylaminoc3rt3onyl]bGn2oyl>L-valYl-N-{1-[5-(hydroxvmethyl)ben20xa20l-2-ylh 
carbonyl-2-methy(propyl)-L-prolinamide: 

and pharmacGuilcaily acceptable base-addition salts ihereol 
55 10. A salt as claimed in Claim 1 wherein said salt is made with a base forming a physiologically 
acceptable cation. 

11, A compound of the fcllowirvg formula Hi, set out heroinbolow, whoroln R"", L. A, 0 and X aro defined 
as in Cl-3im I . or a salt thcroof . 
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12. A compound of the following formula iv. 32I out herginbelow. wherein is selected from a group 
consisting of carboxy. HrN.S(02>-, HNRS-and -NCO. and whoro^n L. A. Q and X are defined a«5 in Claim 
1. or a sail thereof. 

13. A compound of the foHov^ing lormula V. set out hereinbelow. wherein 0 and X are defined as m 
s Claim 1, or a salt thereof, 

14. A pharmaceuticQl composition comprising a leukocyte elastase inhibiting amount of a compound of 
Claim 1 or a pharmaceutlcally acceptabia saJt thereof and a pharmacouticady acceptable diluent or carrier. 

15. A method of making a compound of the following formula L set out iiereinbelow. or a pharmacsuti- 
cally acceptable salt thereof, as claimed in any or^ of Claims MO which Is characterized by: 

iQ (A) tor a compound of formula I, oxidizing a corresponding alcohol of formula III, set out herelnbeiow: 

(B) for a compound ot formula \ wherein R< has the value fl5.S(02).NH.CO-, reacting a corresponding 
compound of the fdlowing formula IV. set out herelnbelow. wherein ts carbOKy (which compound is 
hereinafter referred fo as "acid of formula IV") with a sulfonamide derivaUve of formula RVSOa-NHa in the 
presence of a dehydrating agent or reacting a reactive derivative cf an acid of formula IV with a 

js sulfonamide, or a salt thereof, of formula R^SOa.NHj; 

(B-1) for a compound of formula I wherein R* has the value R5.S(02),NH.CO-. reacting a reactive 
derivative of an acid of said formula IV with an alkali metal salt of a selected sulfonamide of formula 
.$0j.NH2 in a suitable solvent or diluent; 

(C) for a compound of formula t wherein R' has the value R^CO.NH.StOa)-. reacting a corresponding 
30 compound of said formula IV in which R' has the value HiN.S(Oa)-wlih an acid of formula R^COOH; 

(0) for a compound of formula I wherein R^ has the value RVNH.CO.NH.SCOa)-. reacting a 
corresponding compound of said formula tV in whteh R' has the value H2N.S<0a)-wiUi an isocyanate of 
formula R5,NC0; 

. (E) for a compound of fomnuia I wherein R* has the value R^S(02).NH.C0.NR«'-. reacting a 
25 corresponding compound of said formula IV in which R^ has the value HNR«-wiih a sulfonytisocyanate of 
formula RS.S<02).NCO; 

(E-1) for a compound of formula I wherein R* has the value R5.S(02).NH.CO.NR«-, wherem R' is 
hydrogen, reacting a corresponding compound of said formula IV in which has the value -NCO with a 
suHonamide of formula R*.S(02).NH2: 
30 (F) for a compound of formula I wtierein R* has the value CF3.S(0t).NH% reacting a corresponding 
amino of said formula IV in which R^ has the value HjN-wlth trilluoromethanesuffonic anhydride: 

<Q) for a compound of formula ( wherein A has the value -CO-, coupling an acid of formula R*-L-COOH 
(or a reactive derivative thereoO with an amino ketone of the following formula V. set out herelnbelow; and 
whereafter, when a pharmaceutically acceptable salt is required, reacting an acidic form of the 
36 compound of formula I with a l>ase to afford a physiologically acceptable cation. 
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Claims for the following contracting Stale: GR 

50 

1 . A process for preparing a compound of the foltovring formula I, set out heroinbelow, wherein; 
the group -Q-is selected from a group consisting of (i) Oftho-phenylene, opllcnallv boaring one or two 
subsiltuents Independently selected from a group consisting ol halogono. nitro. an amino group of formula 
-NROfl\ an acylamino group of formula -NHCOR"', fiydroxy, an acytoxy group of fcnnula -OCOR^ (1-4C)- 
sfi alkoxy. (V4C)aikyl. trifluoromelhyl, cartxjxy, cyano, [(l-4C)alkoxy]carbonyI, an amlnocartjonyl group of 
formula -CONRpR'' (including formula -CONRg vvhen Rp = R^. sulfo, sulfonamide of formula SOjNRW and 
(l-3C)hydroxyalKy!: and (ii) a cis-vinyleno grcup of formula -C(R*) = C(R*>-wherein 

R' and R** ere each irKJepondontly selected from a group consisting of hydrogen, nitro, an amino group 
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of fonnuta -NR^'R". an acyioxy group o» formula -OCOR^ (1-4C)alko)cy. (1-6C)3lkyl. IriJIuororrieihyl. carboxy. 
cyano. ((^•40alk0)^vlcarbonyl. an amtnocartMny! group of formula ■CONRpR'' (including fomnula -CONR^a 
when RP = R''), a hydroxymethyl group, and phenyl optionally bearing one or two sud3tituents chosen from a 
group consisting of halogeno, nitro. (1-4ClaIkoxy. (i-4C)alkyl and uifluororr^ethyl; 
5 R«. R\ R'. R'. R*", RP and R** are each independonlly selectod from a group consisting of hydrogen and 
{t-4C)ailcyl; 

R" ts (l-4C)aikyl: 

X Is selected from a group consisting of oxygen and suKur, 
A is sotoclod from a group consisting of -CO-, -NH.CO-and •O.CO: 
TO L is selected from a group consisting of phenylene. (t-6C)alkanediyl, (2-8C)alkcnediyl and phenyleno- 
(1-3C)DlkyI optionally containing one double bond in the alkyi portion, provided that a carbon included in a 
double bond of an alkenediyl or included in an optional double bond of a phenylenealkyt group is not 
directly bonded lo an oxygen or nitrogen atom of group A; and 

R* is selected from a group consisting of en acylsulfonamide of formula R5.S(02)-NH.CO-. an 
J5 acysulfonamrde of formula RS.CO.NH.S(Oa)-. a sulfonylurea of formula R^NKCO.NH.SCOa)-, a sulfonylurea 
of formula R*.S(02).NH.CO.NR^-, and a trinuoromethylsulfonamide of formula CF3.S(02).NH-whorein 

Rs is selected from a group consisting of (l-lOC)atkyl, irifiuoromoihyi, (3-lOC)cycloalkyK (6 and lOC}- 
aryl optionally substitured by 1 to 3 members of a group consisting of halogono, nitro, amino, 
dimeihylamino, hydroxy, methyl, trifluoromeihyl. carboxy, phenyl, and (((-5C>alkylcafbonyl]amino; and an 
20 aromatic heterocyclic group in which up to 3 carbons of the aromatic system may bear a subsfituenl group 
independently gelectsd from a group consisting of halogeno and irifluoromethyl: and 

is hydrogen or methyl: 
who rein said process comprises a process selected from a group consisting of 

(A) tor a compound of formula I, oxidising a corresponding alcohol of formula HI. set out hereinbelow: 
2S (B) for a compound of formula I whoneln R* has the value R*.S(Oa).NH.C0-. reactihg a corresponding 
compound of the following (ormula IV, sot out hereinbelow, wherein R^ -is carboxy (which compound is 
herainatter referred to as "add of fomnula tV") with a sulfonamide derlvatlvo of formula R^SOzJ^Ha In the 
presence of a dehydrating agent or reacting a reactive derivative of an acid of formula IV with a 
sulfonamide, or a salt thereof, of formula R^.S02,NH2; 
30 (B-1) for a compound of formula I wherein R* has the value R^.S(0i).NH.CO. reacting a reactive 

derivative of an acid of said formula IV with an alkali nrvetal salt of a selected sulfonamide of formula 
R5.S02.NHi in a suitable solvent or diluent: 

(0) for a compound of formula I wherein R* has the value RS.CO.NH,S(Oa)-. reacting a corresponding 
compound of said formula IV in which R' has the value H2N.S(02>-wtth an acid of formula fl^.COOH; 
35 (D) for a compound of formula I wherein R* has the value R^.NKC0.NKS(02)-, reacting a 

con-Gsponding compoctnd of said formula IV in which R' has the value HjN.SfOahwfth an Isocyanate of 
formula R^.NCO; 

(E) for a compound of formula I wherein R^ has Iho value R^.SCOal.NH.CO.NR^-, reacting a 
corresponding compound of said formula IV In which R' has the value HNR^-wiih a sulfonylisocyanate of 
40 formula R^S(02).NC0; 

(E-1) for a compound of fonnula I wherein R* has frio valu& RS.S(02).NH.C0.NR*'-. wherein R<= Is 
hydrogen, reacting a corresponding compound of said formula IV in. which R' has the value -NCO with a 
sulfonamide of fonnula R^,S(02),NH2; 

(F) for a compound of formula I wherein R*^ has the value CF3.S(02).NH-, reacting a corresponding 
4s amine of said formula IV in which R' has the value Haf^-with tflfluoromethanesulfonic anhydride; 

(G) for a compound of fomnula I wherein A has the value -C0», coupling an acid of formula R*-L'C00H 
(or a reactive derivative thereof) with an amino ketone of the following formula V. set out hereinbelow; and 

whereafter, when a pharmaceuikralty acceptable salt is required, reacting an acidic form of the 
compound of formula I with a base to afford a physiologically acceptable cation. 
50 A compound of formula til 

(f=ormula set out on pages following Claims) 111 
wherein R*. L A. Q and X are defined as in Claim 1. or a salt thereof. 
A compound of formula IV 
(Formula set out on pages following Claims) IV 
55 wherein R^ Is selected from a group consisting of carboxy. H2N.S(02)-. HNR^-and -NCO, and wherein R^ 
L, A. Q and X are defined as in Claim i , or a sail thereof. 
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A compound of formula V 
(Formula set out on pages following Claims) v 
wherein Q and X are defined as in Cl3im 1 , or a salt tfiereof. 

5 



to 




15 




05 




no 

Claims for the following contracting Slate: ES 

«g 1 . A process for preparing a compound of the following formula I. set out hereinbelow. wherein: 

tho group -Q-is seloctod from a group consisting of (1) ortho -phenylene, optionally bearing one or two 
subalituents independently selected from a group consisting of halogeno, nitro, an amino group of formula 
■NR^R'*. an acylamino group of formula -NHCOR'^, hydroxy, an acyloxy group of formula -OCOR", {1-4Ch 



51 



To: Jennifer Oliver 



From: ReedFax Information Service(tm) 



7-26-2001 12:07pm p. 53 



of 54 



0 291 234 

alkoxy, (l-4C)alkyI. triftuoromethyl. carboxy. cyano. [(l-4C)aJkoxylcErbonyl. an aminocarbonyl group of 
formula -CONRW (including formula -CONRg when R'^-R^), suffo, sultonamldo of formula SOsNR'R' and 
(i-3C)Jiydroxyalkyi; and (II) a cis-vinylene group of formula -C(R*) = CfR*')-wherein 

R^ and n** are each independenlly geioctod from a group consisting of hydrogon, nitro. an amino group 
5 of formula .NR3R\ an acyloxy group of formula -OCOR". {l-4C)aJkoxy. (veC)allcyl. trifluoromethyl. carboxy. 
cyano. t(1-4C)a[koxvIcarbonyl. an aminocarbonyl group of formula -CONRpR*^ fmcluding formula -CONRPa 
when 'r'* = R'^), a nydroKymethyl group, and phenyl opiionally bearing one or two subatituents chosen fronn a 
group consisting of haiogeno. nitro. (T-4C)alkoxy. (V4C)3lkyt and trifluoromethyl; 

R«, R\ R*. fll. R*". R° and R** are each independGntly selected from a.g^oup consisting of hydrogen and 
fo {1-4C)alkyl; 

R"i6 (i-4C)alkyl; 

X is sotecied from a group consisting of oxygen 3nd sulfur; 

A Is selected from a group consisting of -CO-, -NH.CO-and -O.CO; 

L IS selected from a group consisting of phenylene. (l-eOalkanediyl, (2-6C)alkanediyl and phenytene- 
75 <l-3Clalkyl optionally containing one double bond in the alkyl portion, provided that a carbon mduded in a 
double bond of an alkenediyl or included In an optional double bond oi a phcnyleneaikyl group is not 
directly bonded to an oxygen or nitrogen atom of group A; and 

R* Is selected from a group consisting of an acylsulfonamide of formula R^.S(03).NH.C0-. an 
acysulfonamide ol formula R^C0.NH.S(O2)-. a sulfonylurea of formula R^.NH.CO.NH.3(0a)-. a sulfonylurea 
20 of formula .S(02).NH.C0-NR«-, and a mfluoromethylsulfonemlda of formula CFa,S(02).NH-wher6ln 

R* is selected from a group consisting of (l-lOC)alkyL trlfluofomethyl. (3-lOC)cycloalkyl, (6 and 10C)- 
aryl optionally substituted by 1 to 3 members of a group consisting of haiogeno. nitro. amino, 
dimethylamino. hydroxy, noethyi. trlfuoromethyl. carboxy. phenyl, and [(1-5C)alkylcarbonyllamino; and an 
aromaHc heterocyclic group in which up to 3 carbons of the a/omatic system may bear a substltuent group 
5S indepGndcrily selected from a group condcting of haiogeno and trifluoromethyl; and 
R*^ is hydrogen or meihyl; 
whoroin said process comprises a process selected frxDm a group consisting of 

(A) for a compound of formula I, oxidizing a corresponding alcohol of formula 111, set out hereinbslow: 

(B) for a compound of formula I wherein R^ has the value R^S<02).NH,C0-, reacting a con-esponding 
.10 compound of the following formula IV, set out herelnbelow. wherein R' is cerboxy (which compound is 

herotnaflor referred to as "acid of formula IV") wirti a sulfonamide derivative of formula R^.SOa.NHa in the 
presence of a dehydrating agent or reading a reactive derivative of an acid of formula IV with a 
sulfonamide, or a salt thereof, of formula R^S0i^.NH2: 

(B-1) for a compound of formula I wherein R* has the value R5.S<02).NH.CO-. reacting a reactive 
3s derivative of an acid of said formula IV with an alkali metal salt of a selected sulfonamide of formula 
R* .SOj.NHj in a suitable solvent or diluent: 

(C) tor a compound of formula I wherein fl* has the value R^.C0.NH.S(02)-, reacting a corresponding 
compound of said formula IV In which R^ has the value H2N.S(02)-wlih an acid of formula R^.COOH; 

(D) for a compound of formula 1 wherein R^ has value R^NH.C0.NH.S(02h reacting a 
do corresponding compound of said formula IV In which R' has the value H2N.S(0a)-wi(h an isocyanate of 

formula R*.NCO; 

(E) for a compound of formula I wherein R* has ih« value R5.S(0i).NH.CO.NR«'-. reacting a 
corresponding compound of said formula IV fn which R' has the value HNFl5-wllh a sulfonyllsocyanate of 
formula R'',S(02).NC0; 

49 (E-1) for a compound of fonmula I wherein R* has the value R^S(Oa).NH.CO.NRS-, whorein R« Is 
hydrogen, reacting a corresponding compound of said formula IV in which has the value *HCO with a 
sulfonamide of formula R5.S(0?)-NH2; 

(F) for a compound of formula I wherein R* has the value CF5.9(Oa).NH*. reacting a con-espondlng 
amine of said formula IV in which R^ has the value HsN-wHh trifiuoromelhanesulfonic anhydride; 

50 (G) for a compound of formula I wherein A has the value -CO-, coupling an ocid of formula R*-L"COOH 
(or a reactive derivative thereof) with an amino ketone of tho following formula V, set out herainbelov*; and 

whereafter, when a pharmaceutical ly acceptable salt is required, reacting an acWIc form of the 
compound of formula I with a base to afford a physiologk:ally acceptable cation. 
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